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PREFACE. 



Although many works of standard excel- 
lence are extant on the use of the globes, 
and on the elements of geographical and 
astronomical knowledge, they are, in gene- 
ral, too expensive for introduction into the 
Schools and Academies of this country. 
Books of high reputation on these subjects, 
are composed in the form of Lectures, or 
Dissertations; and few can be found, in 
in which the necessary definitions are suf- 
ficiently numerous, plain, and perspicuous 
for the assistance of the teacher, or the 
comprehension of the pupil. Besides, in 
.works which are not especially confined to 
the principles of a single science, an abund- 
ance of matter is inserted, which is not only 
useless, but an incumbrance in the prosecu- 
tion of a particular object of inquiry. The 
simple points on which the student wishes 
to fix his attention, are loosely scattered 
over the pages of a bulky volume, and are 
found with difficulty, amidst the theories 
and hypotheses, logical deductions, poetical 
embellishments, and moral reflections, with 
which most of our valuable and expensive 
publications abound. In the search after 
articles of elementary instruction, the mo- 
ments which ought to be employed in trea- 
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suring them in the memory, are wasted; and 
the mind becomes fatigued by labours which 
yield not the expected profits and rewards 
of sedulous and well-directed exertion. On 
the other hand, most of the works, whose 
price is low enough to admit of their being 
studied as class books in our seminaries, are 
very defective in many respects. To fur- 
nish a cheap and useful manual for the 
teacher, and for the pupil, has been my en- 
deavour in the following Treatise. It has 
no claims to public confidence, but such as 
arise from the credit due to the authors, of 
whose labours I have availed myself in its 
compilation. As an Instructor of youth, I 
have long experienced the want of a concise 
and familiar introduction to the use of the 
globes, and of maps, as instruments of indis- 
pensible importance in the study of geogra- 
phy and astronomy. In the hope, that this 
attempt to supply my own need, may be 
servicable to gentlemen who are engaged 
in the tuition of youth, and to students in 
general, I have ventured to publish it in its 
present form. Should it prove useful — and 
not only lighten the labour, but facilitate 
the acquisition of instruction, I shall feel 
grateful to that Divine Being, who has ena- 
bled me to contribute even an humble mite 
towards enriching the minds of the rising 
generation. 

Salem-Street Academy. 
Boston, 1812. 
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month » . . . 
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COMPENDIOUS TREATISE, &c 



^ Before wc describe the globes, it will be proper 
to take some notice of the properties of a circle, 
of which, a globe may be said to be constituted. 

1. A line is generated by the motion of a point. 

2. Let two points be supposed, the on* move- 
able, the other fixed. 

3. t( (he moveable point fee carried directly 
towards the fixed point, its motion will generate a 
straight line. 

4. If the moveable point be carried round a 
fixed point, keeping in it* course at the same dis- 
tance from if, a circle, or some part of a circle 
will be formed, of which the fixed point will be 
the centre. 

5. All straight lines proceeding from the centre 
to the circumference of a circle, are equal. 

6. A right or straight fine drawn from the cen- 
tre of a circle to its circumference, is called radi- 
us, or semi-diameter. 

7. Every straight line, drawn through the cen- 
tre of a circle, and terminated by its circumfer- 
ence, is called a diameter. 

8. A sphere is a solid body contained under 
one single uniform surface, every point of which 
is equally distant from a certain point in the mid- 
dle, called its centre. 

9. An Axis is a real or imaginary line, passing 
through the centre of a sphere or circle on which 
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it revolves, or is supposed to revolve. The ex* 
tremities of an axis are called its poles. 

10. A map is a plane figure representing the 
surface of the' earth, or some part of it, being a 
projection of the globular surface of the earth, 
exhibiting countries, seas, rivers, mountains, cities, 
&c. in their due positions. . 

11. Maps are either univeftl or particular. 

12. Universal maps are sifch as exhibit the 
whole surface of the globe, or the two hemispheres. 

13. Particular maps are those which represent 
some particular region, or part of the earth. 

1 4. Charts or sea maps, are those which repre- 
sent only the oceans, seas, and sea coasts. 

15. The latitude of places upon maps is ex- 
pressed by the figures on their sides. If the fig- 
ures increase upward, the latitude is north; if 
they increase downward, the latitude is south.— 
[See map.] 

16. On maps, the longitude of places is express- 
ed by the figures at their top and bottom. When 
the figures increase to the right, the longitude is 
east ; when they increase to the left, the longitude 
is west. — [See map.] 

17. In maps in general, the upper part is north- 
ward ; the lower, southward ; the right side, east- 
ward ; and the left, westward. When constructed 
in a different manner, the bearings of the map are 
expressed by a compass, with a fleur de luce point- 
ing to the north, and a cross to the east. — [See 
map.] 

18. Geography is the science which describes 
the surface of the earth, the constituent parts of 
which are land and water. 

19. The land consists of continents, islands, 
peninsulas, and isthmus&es ; and the water of oceans, 
seas, lakes, gulfs, straits, and rivers. 

20. There are two continents : the old or east- 
ern, which contains Europe, Asia, and Africa : 



Digitized by Googl 



15 

and the new or western continent consisting of 
North and South America. 

21. An island is a portion of Land surrounded 
by water ; as Great Britain, Newfoundland, Cuba, 
Nantucket, &c. 

22. A peninsula is a tract of land almost sur- 
rounded by water ; as Boston, and the Morea in 
Greece. 

23. An isthmus is a neck of land which joins a 
peninsula to a continent, or two grand divisions 
of the same continent together; as the isthmus 
of Suez which joins Asia to Africa, and that of 
Darien, which unites North and South America. 

24. A cape is a point of land extending far into 
the sea. If the land be high and mountainous, it 
is called a promontory. 

25. The Ocean is the vast collection of salt and 
navigable water which encompasses most parts of 
the earth, and occupies about two thirds of the 
whole surface of the globe. 

y 26. The great and universal ocean is generally 
divided into four parts, viz. the Pacific, the Atlan- 
tic, the Indian, and the Northern or Frozen ocean. 
The ocean also takes other names, from the coun- 
tries on which it borders ; as the German ocean, 
&c. and according to the position of it on the 
globe, as the northern, southern, eastern, western 
ocean. 

27. The ocean, penetrating the land at several, 
straits, quits the name of ocean, and assumes that 
of sea, or gulf, as the Mediterranean sea, the Per* 
sian gulf, &c. 

28. A sea is a smaller collection of water than 
an ocean, as the Caspian sea, the Baltic, &c. 

29. A lake is a large collection of fresh water 
in the interior of a country ; as Lake Champlain, 
Lake Ontario, &c. 
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30. A gulf or bay is .an arm of the ocean, or ol 
a sea which extends a considerable way into "the 
land, as the Gulf of Mexico, the Bay of Biscay, 
&c 

31. A strait is a narrow part of the sea, forming 
a passage from one sea to another ; as Davis's 
Straits, the Straits of Gibralter, &c 

32. The earth is a globular body, whose dia- 
meter is about?" 7964 miles in length, and whose 
surface contains nearly 200 millions of square 
miles. 

33. 7%€ land is inhabited by about a thousand 
millions of human beings. 

34. The earth is divided by geographers into 
four great, nominal parts, sometimes called quar- 
ters, viz. Europe, Asia, Africa, and America. 

3$. The foundation of ail maps is what is called 
The projection of the spheres. 

36. Qf projections there are two kinds, ortho- 
graphic, and stereographic. The orthographic, 
supposes the eye placed at an infinite distance in 
the axis of the circle of projection ; the stereo- 
graphic, supposes the eye to be in the pole of the 
circle of projection. 

37. Mercator's projection supposes the earth, 
instead of a globular to have a cylindrical figure; 
in consequence of which, the degrees of longitude 
become of an equal length throughout the whole 
surface, and are marked on the map by parallel 
lines. The circles of latitude are also repre- 
sented by lines crossing the others, or right angles ; 
but at unequal distances, the degrees of latitude 
increasing in length, in proportion as they are 
distant from the equator. A map of the world, 
therefore, cannot be delineated upon this projec- 
tion, without distorting the shape of countries in 
a very extraordinary manner ; but the projection 
•is useful in sea charts, as it shews the differ* 
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<ent bearings of places with perfect accuracy, which 
cannot be done on any other map. 

38. Plain charts have the meridians, as well as 
the parallels of latitude, drawn parallel to each 
other, and the degrees of latitude and longitude 
equal to those at the equator. 

39. The Armillary sphere is an astronomical 
instrument, representing the several circles of the 
sphere in their natural order, serving to give an 
idea of the office and position of each of them. 
It is thus called, as consisting of a number of 
circles or rings, which were called by the Latins, 
armillae, from their resembling bracelets, or rings 
made for the arm. — [Fig. 7.] ^ 



Definitions of Terms necessary to be understood 
in the solution of Problems on the Terrestrial and 
\ Celestial Globes. 

40. The terrestrial globe is an artificial repre- 
sentation of the earth. In the figure 1, the globe 
is represented out of its stand, that the different 
circles, &c. may be distinctly seen. 

41. The grand divisions, different empires, 
kingdoms, countries, chief cities, oceans, seas, 
rivers, &c. are represented on the terrestrial globe, 
according to" their relative situations on the real 
globe of the earth. 

42. The diurnal motion of the terrestrial globe 
is from west to east. 

43. The axis of the earth is an imaginary line 
passing through the centre of it, on which it is 
supposed to turn, and about which all the heav- 
enly bodies appear to have a diurnal revolution. 

44. The axis of the earth is represented by the 
wire which passes from north to south, through the 
middle of the artificial globe. — |T>g« *•] 

3 
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45. The poles of the earth are the two ex- 
tremities of its axis; one of which is called the 
north or arctic ; the other, the south or antarc- 
tic pole.— [Fig* 1.] 

46. The celestial poles are two imaginary 
points in the heavens, exactly above the terrestrial 
poles. Or, if the axis of the earth were prolonged 
until it came in contact with the starry heavens, 
it would touch the celestial poles in two points, 
one of which, would be within two degrees of 
the pole star,* in the end of the tail of the Little 
Bear. 

47. The brazen meridian is the circle in which 
the artificial globe turns, and is divided into 360 
equal parts, called degrees. — [Fig. 1.] 

48. Every circle is supposed to be divided into 
360 degrees; each degree into 60 minutes, and 
each minute into CO seconds. 

49. A degree of a great circle in the heavens is 
a space nearly equal to twice the apparent dia- 
meter of the sun, or to twice that of the moon, 
when considerably elevated above the horizon. 

50* The degrees in the upper semi-circle of the 
brazen meridian, are numbered from 0 to 90 from 
the equator towards the poles, and are used for 
finding the latitudes of places. 

51. On the lower semi-circle of the brazen 
meridian, the degrees are numbered from 0 to 90, 
from the poles towards the equator, and are used 
in the elevation of the poles* 

52. Great circles divide the globe into two 
equal parts, as the equator, the ecliptic, the rational 
horizon, and the brazen meridian, when assumed 

* The Pole star is a star of the second magnitude, near 
the nortn pole, in the end of the tail of the Little Bear. Its 
mean right ascension, for the beginning of the year 1804, 
was 13° 14' 43" and its declination 88° 14' north. Mr. Bow- 
ditch gives its riftbt ascension ia time 52' 15," for 1800. 
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as the meridian of any particular place ; and the 
cold res on the celestial globe.* 

53. The eqnaitor.is a great circle of the earth* 
equidistant from the poles, and divides the globe 
into two hemispheres, northern and southern. — 

[Fig- 10 , J u 

54. The latitudes of places are counted north- 
ward and southward from the equator; and the 
longitudes of places are reckoned upon it etatward 
and westward. 

55. The equator when referred to the heavens, 
is called the equinoctial, because when the sun 
appears in it, the days and nights are equal all 
over the earth, viz.* 12 hours each. 

56. The first meridian, is that from which ge- 
ographers begin to count the longitude of places. 
In English maps and globes, the first meridian is 
a semi-circle supposed to pass through London 
or the royal observatory of Greenwich. 

57. Meridians, or lines of longitude, are semi- 
circles, extending from the north to the south 
pole, and cutting the equator at right angles.- — 
[Fig. 2J 

58. Every place on the globe, is supposed to 
have a meridian passing through it, though there 
are 24 only drawn on the artificial globe ; the de- 
ficiency is supplied by the brass meridian. 

59. When the sun comes to the meridian of 
any place (not within the polar circles,) it is there 
noon or mid-day. 

/ 60. When the brass meridian stands over any 
particular place, representing its meridian, it is 
considered as a great circle, dividing the globe into 
the eastern and western hemispheres. — [Fig. 1*3 

61. The ecliptic is a great circle in which the 
sun makes his apparent annual progress among 

• Secondaries to a great circle, are great circles which pass 
through its poles,, and consequently must be perpendicular 
io it, 
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the fixed stars ; or it describes the real path of 
the earth round the sun, and cuts the equator, 
when drawn on the terrestrial gloBe, in an angle 
of 23° 28'. The points of intersection are called 
the equinoctial points. — [Fig. 2.} 

62. Small circles divide the globe into two un- 
equal part*. 

63. The tropics are two small circles parallel 
to the equator at the distance of 23° 28' from it ; 
the northern is called the tropic of cancer, and the 
southern, the tropic of Capricorn.— [Fig. 2.] 

64. The tropics are the limits of the torrid zone. 

65. The polar circles are small circles par- 
allel to the equator, at the distance of 66° 32' from 
it, or 23° 28/ from each pole. The northern is 
called the arctic; the southern, the antarctic 
circle. — [Fig. 2.] j 

66. Parallels of latitude are small circles drawn ] 
through every ten degrees of latitude, on the ter- j 
restrial globe, parallel to the equator. — [Fig. 2.] 

67. Every place on the globe is supposed to 
have a parallel of latitude drawn through it, 
though there are, in general, only sixteen paral- 
lels drawn on the terrestrial globe. 

68. The hour-circle on artificial globes, is a 
small circle of brass, with an index fixed to the 
north pole. This circle is divided into twenty- 
four equal parts, correspondent to the hours of 
the day; and these again are 'subdivided into 
halves and quarters. 

69. The equator is also an hour circle, being 
on the best globes so divided by meridian lines, 
drawn through every fifteen degrees of longitude, 
as to answer every purpose to which the brass 
circle can be well applied. - 

70. The ecliptic is divided into twelve equal 
parts, called signs, each containing thirty degrees. 
The 6un makes his apparent annual progress 
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Ihrough the ecliptic, at the rate of nearly one 
degree in a day. — [Fig. 2.] m 

71. The names of the signs and their charac- 
ters, and the days on which the sun enters them, 
are as follojy : 

Vernal Signs. 
T Aries, the ram, — 21st of March. c-v ii 
0 Taurus, the bull, — 19th of April, 
n Gemini, the twins,— 20th of May. ; 1 

Summer Signs. 
ss Cancer, the crab, — 2 1st of June. ; \ , < 
SI Leo, the lion, — 22d of July, 
ijp Virgo, the virgin,— 22d of August. 

Autumnal Signs. 
£t Libra, the balance, — 23(1 of September, 
m Scorpio, the Scorpion,— 23d of October. 
$ Sagittarius, the archer, — 22d of November. 

s Winter Signs'. 

v? Capricornus, the goat, — 21st of December, 
as Aquarius, the water-bearer, — 20th of January. 
X Pisces, the fishes, — 19th of February. 

72. The vernal and summer signs are called 
northern signs ; because when the sun is in any of 
them, his declination is north. 

73. The autumnal and winter signs are called 
southern signs ; because when the sun is in any 
of them, his declination is south. 

74. The vernal and autumnal signs are called 
ascending signs ; because when the sun is in any 
of them, his declination is increasing. The sum- 
mer and winter signs, are called descending signs ; 
because when the suu is in any of them, his de- 
clination is decreasing. 

75. Declination of the sun, a star, or planet, is 
its distance from the equinoctial, northward or 
southward. 

/ 76. When the sun is in the equinoctial he has 
no declination, and enlightens half the globe front: 
pole to pole* As he increases in north decline 
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tion, he gradually shines further over the north 
pole, and leaves the south pole in darkness : in a 
similar manner* when he has south declination, 
be shines over the south pole, and leaves the north 
pole in darkness* 

77. The greatest declination the sun can have, is 
23° 28' — the greatest declination a star* can have 
is 90°— and that of a planet, 30° 28' north or south. 
. 78. The horizon is a great circle, which sepa- 
rates the visible part of the heavens from the invis- 
ible. This circle, when applied to the earth, is 
distinguished by the names rational and sensible 
horizon. 

79. The true or rational horizon is an imagin- 
ary plane passing through the centre of the earth. 
It determines the rising and setting of the sun, 
stars, and planets. 

80. The sensible, or visible horizon, is that 
which terminates our view, and is represented by 
that circle which we see in a clear day where the 
earth, or sea, and the sky seem to meet. 

81. The wooden horizon, circumscribing the 
artificial globe, represents the rational horizon on 
the real globe. This circle is divided into sever- 
al concentric circles, which aie arranged on Bar- 
din's new British globe; in the following order: 

[Fig- 1.] 

82. The first circle is marked amplitude, and 
is numbered from east and west, towards the 
north and south, from 0 to 90°. 

83. The second circle is marked azimuth, and 
is numbered from the north and south points of 

* The star, called the pole star, is not exactly over the pole ; 
but, being a star of the second magnitude, and nearer than 
any other remarkable star to the pole, it is very useful in 
navigation, in determining the latitude of places, &c. especially 
as its declination being known, its complement of latitude can 
be exactly ascertained. Its declination is 88* 14' north. 
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the horizon, towards the east and west, from 0 to 

90°. 

84. The third circle contains the thirty-two 
points of the compass, divided into half and quar- 
ter points. The degrees in each point are to be 
found in the azimuth ctktile. 

85. The fourth circle contains the twelve signs 
of the zodiac, with the figure and character of 
each sign. 

86. The fifth circle contains the degrees of the 
signs, each sign comprehending 30°. 

87* The sixth circle contains the days of the 
month, answering to each degree of the sun's place 
in the ecliptic. 

88. The seventh circle contains the equation of 
time, or the difference of time between a well reg- 
ulated clock and a sun dial. When the clock 
ought to be faster than the dial, the number of 
minutes expressing the_ difference has the sign -f- 
before it ; when the clock ought to be slower, the 
number of minutes has the sign — before it. 

89. The eighth circle contains the twelve cal- 
endar months of the year. 

90. The cardinal points of the horizon are east, 
west, north, and south. 

91. The cardinal points of the heavens are the 
Zenith and Nadir, and the points where the sun 
rises and sets. 

92. The cardinal points of the ecliptic are the 
equinoctial and solstitial points, which mark the 
commencement of the four seasons of the year. 

93. The cardinal 9igns are IT Aries, & Cancer, 
£t Libra, and vf Capricorn. 

94. The zenith is a point in the heavens, ex- 
actly over our heads, and is the elevated pole of 
our horizon. 

95. The nadir is a point in the heavens, exactly 
under our feet, being the depressed pole of our 
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horizon, or the elevated pole of the horizon of our 
antipodes. 

96. The pole of any circle is a point on the 
surface of the globe, 90° distant from every part 
of the circle of which it is the pole. Every circle 
on the globe has two poles diametrically opposite 
to each other. 

97. The equinoctial points are Aries and Libra, 
where the ecliptic cuts the equinoctial. The point 
Aries is called the vernal, and Libra, the autum- 
nal equinox. When the sun is in either of thes* 
points, the days and nights, on every part of the 
globe, are equal to each other. 

98. The solstitial points are Cancer and Cap- 
ricorn. When the sun is in either of these points, 

, the variation in bis greatest altitude is scarcely 
perceptible for several days ; because k the ecliptic, 
near these points, is almost parallel to the equi- 
noctial, and therefore the sun has nearly the same 
declination for several days. 

99. When the sun enters Cancer it is the long- 
est day to all the inhabitants on the north side of 
the equator, and the shortest day to those on the 
south side. When the sun enters Capricorn it is 
the longest day to those who live on the south, 
and shortest to those who live on the north side 
of the equator. 

100. A hemisphere is half the surface of a globe. 
Every great circle divides the globe into two hem- 

N ispheres. 

101. The horizon divides the upper from the 
lower hemisphere in the heavens; the equator 
separates the northern from the southern on the 
earth ; and the brass meridian, standing over any 
place on the terrestrial, or over any star or other 
lieavenly body on the celestial globe, divides it 
into the eastern and western hemispheres. - , 
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\ 102. The mariner's compass * is a representa- 
tion of the horizon, and is used by seamen to di- 
rect and ascertain the course of their ships. It 
consists of a box which contains a paper card, di- 
vided into thirty-two equal parts, nxed on a mag- 
netical needle that points towards the north. 

1 03. The variation of the compass is the devi- 
ation of its point from the correspondent point 
in the heavens. When the north point of the 
compass is to the east of the true north point of 
the horizon, the variation is east ; if it be the 
west, the variation is west. 

1 04. The magnetic needle does not always point 
directly to the north, but is subject to a small an- 
nual variation. At present, in England, the nee- 
dle points about 24° t^Jh^ westward of north ; — 
in Boston the variation i^yin 1812, 4° 48' west* 

105. Latitude of a place on the terrestrial globe 
is its distance from the equator, in degrees, min- 
utes, or geographical miles; and is reckoned on 
the brass meridian, from the equator toward the 
north or south pole. 

106. The quadrant of altitude is a thin slip of 
brass divided from 0 to 90°, and sometimes down- 
ward to 18°; and, when used, is generally screw- 
ed to the brass meridian. The upper divisions 
are used to determine the distances of places on 
the earth \ the distances of the celestial bodies, 
their altitudes, &c. and the lower divisions are 
applied to find the beginning, duration, and end 
of twilight. 

107. Longitude of a place on the terrestrial 
globe, is the distance of that place from the first 
meridian, reckoned in degrees and parts of de- 
grees, on the equator. 

108. On most English maps and globes, the 
first meridian is drawn through London, or the 

m 

* See Skeleton Map. 
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royal observatory at Greenwich, and longitude is 
counted eastward and westward, half round the 
globe ; consequently, on such maps and globes, 
no place can have a greater longitude than 180°« 
The figures expressing these degrees are placed 
immediately above the equator. 
, 109. On most maps, sea charts, and globes, 
made on the continent of Europe, geographers 
construct them either with the first meridian drawn 
through the capital of the country in which they 
are made, or through Ferro, one of the Canary 
islands in the Atlantic ocean. Most of the con- 
tinental geographers reckon longitude eastward, 
from their first meridian, round the globe. For 
the accommodation of such as prefer this way of 
reckoning, a second row of figures is placed on 
the terrestrial globe, over the row nearest to the 
equator. 

110. There are no places upon the surface of 
the earth, through which meridians may not be 
conceived to pass. Every place, therefore, is 
supposed to have a meridian passing over its ze- 
nith, from north to south, and going through the. 
poles of the world. 

til. To find the longitude of a place is to dis- 
cover what degree of the equator the meridian of 
that place crosses.. 

112.. All places that lie under the same merir 
dian are said to have the same longitude. 

11*. Upon the terrestrial globe, there are 
twenty-four meridians drawn, dividing the equa- 
tor into twenty-four equal parts, which are the 
hour circles of the places through which they pass. 

114. The distance of these meridians from each 
other is 15°, or the twenty-fourth part of 360° 
15° of longitude are equal to 1 hour; and 1° of 
longitude to 4 minutes of time; i° to 2 minutes, 
and i° to 1 minute. 
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115. * Degrees of longitude may be turned 
into time by multiplying by 4; observing tbat 
minutes or miles of longitude produce seconds of 
time, when multiplied by 4, and degrees of longi- 
tude, when multiplied by 4, produce minutes of 
time. 

116. t Time may be reduced into degrees, &c. 
by multiplying them by 10, and increasing the 
product one half. f 

117. Apparent noon is the time when the sun 
comes to the Meridian, viz. 12 o'clock, as shewn 
by a correct sun dial. 

1 1 8. True or mean noon is 12 o'clock, as shewn 
by a well regulated clock, adjusted to go twenty- 
four hours in a mean solar day. 

1 19. The equation of time at noon is the inter- 
val between the true and apparent noon ; it is the 
difference of time shewn by a well regulated clock 
and a correct sun dial. 

120. A true solar day is the time from the sun's 
leaving the meridian of any place, on any day, 
till it returns to the same meridian on the next 
day, viz. it is the time elapsed from 12 o'clock at 
noon, on any day, to 12 at noon, on the next day, 
as shewn by a correct sun dial. 

121. A mean solar day is measured by equal 
motion, as by a clock or time-piece, and consists 
of twenty-four hours. 

• Reduce 69° 20' 45» to time. 

4 

4 h. 37' 23" 00- 

f Reduce 1 h. 33' 44" to degrees. 

10 



15 37 20 
half, 7 48 40 

23° 26' 00" 
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122. An astronomical day consists of twenty- 
four hours, being reckoned from noon to noon. 

123. The Artificial day is the time elapsed be- 
tween the sun's rising and setting, and is variable 
according to the different latitudes of places. ~^ — ,. 

124. The civil day, like the astronomical day, 
consists of twenty-four hours, but begins differ- 
ently in different nations. 

125. The sidereal day is the interval of time 
from the apparent passage of any fixed star over 
the meridian, till it returns again; or it is the 
time which the earth takes to revolve once round 
its axis, and consists of twenty-three hours, fifty- 
six minutes, four seconds. 

126. A solar or tropical year is the time the 
sun takes in passing through the ecliptic, from one 
tropic or equinox, till it returns to it again, and 
consists of three hundred and sixty-five days, five 
hours, forty-eight minutes, forty-eight seconds. 

127. A sidereal year is the space of time which 
the sun takes in passing from one fixed star, till 
he returns to it again, and consists of three hun- 
dred and sixty-five days, six hours, nine minutes, 
and twelve seconds. 

128. The sidereal year is twenty minutes, 
twenty-four seconds longer than the solar year, 
and the sun returns to the equinox every year be- 
fore he returns to the same point of the heavens ; 
consequently the equinoctial points have a retro- 
grade motion, 

1 29. The precession (or more properly the re* 
cession) of the equinoxes is a slow motion of the 
equinoctial points from east to west, contrary to 
the order of the signs, 

130. The retrograde motion of the equinoctial 
points is about 50* seconds in a year, so that it 
would require 25,791 years for the equinoctial 
points to perform an entire revolution westward, 



Digitized by 



225 

round the globe. This period the ancients called 
the Platonic or great year; and imagined that at 
its completion every thing would begin as at first, 
and all things come round in the same order as 
they had done before. 

. 131. Positions of the sphere are three — right, 
parallel, and oblique. 

132. A right sphere is that position of the earth 
in which the equator passes through the zenith 
and nadir, the poles being in the rational horizon. 

133. A right sphere is so called because all the 
parallels of latitude cut the horizon at right angles, 
and the horizon divides them into two equal parts, 
making equal day and night. The inhabitants 
who have this position of the sphere, live at the 
equator. 

134. A parallel sphere is the position of the 
earth when the rational horizon coincides with 
the equator, the poles being in the zenith and 
nadir. 

135. A parallel sphere is so called, because all 
the parallels of latitude are parallel to the horizon, 
with which the equator coincides. The inhabit- 
ants who have this sphere, (if there be any such 
inhabitants,) live at the poles, aod see the sun 
above their horizon for six months together. 

136. An oblique sphere is the position which 
the earth has when the rational horizon cuts the 
equator obliquely. This sphere is common to all 
the inhabitants of the earth, who do not live ex- 
actly at the equator or the poles. 

1 37. Climate is part of the surface of the earth, 
contained between two small circles parallel to the 
equator, and of such a breadth, that ihe longest 
day in the parallel nearest to the pole exceeds the 
parallel next to the equator, half an hour in the 
torrid and temperate zones, or one mouth in the 
frigid zones. 

4 
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188. There are twenty-four climafes between 
the equator and each polar circle, and six climates 
between each polar circle and its pole.* 

1 39. A zone is a portion of the surface of the 
earth, contained between two small circles parallel 
to the equator. There are five zones— one torrid, 
two temperate, and two frigid zones. — [Fig. 2] 

140. The torrid zone extends from the tropic 
of Cancer to the tropic of Capricorn, and is 46° 56" 
broad. The equator is in the middle of this zone, 
from which each tropic is distant 26° 28'. This 
zone was thought by the ancients to be uninhabit- 
able, because it is exposed continually to the di- 
rect rays of the sun. 

141. The two temperate zones. The north 
temperate zone extends from the tropic of Cancer 
to the arctic circle, and the south temperate zone, 
from the tropic of Capricorn to the antarctic cir- 
cle.— [Fig. 2.] 

1 42. The temperate zones are each 43° 4' broad, 
and were called temperate by the ancients, because, 
by meeting the sun's rays obliquely, they enjoy a 
moderate c[egree of heat. 

143. The two frigid zones. The north frigid 
zone, or rather segment of a sphere, is bounded 

* From this technical definition of climate, we must not 
infer that all places situated in the same parallel of latitude, 
have the same atmospherical temperature. For instance, in 
Canada, about the latitude of Paris and the south of Eng* 
land, the cold is so excessive, that the greatest rivers arc 
frozen over from December to April, and the snow commonly 
lies from four to six feet deep; but the temperature of the 
atmosphere in the same latitudes, in France and Great Brit- 
ain, is comparatively warm and mild. The Andes mountains, 
though part of them are situated in the torrid zone, are, at 
their summits, covered with snow, which cools the air of the 
adjacent countries. The heat on the western coast of Africa, 
after the wind has passed over the sandy desert, is almost 
suffocating; whilst the same wind, having passed over the At- 
lantic 1 ocean, is cool and refreshing to the inhabitants of the 
Caribbean islands. 
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by the arctic circle* The north pole, which is 
situated in the middle of this zone, is 23° 28' from 
the arctic circle. — [Fig* 2.] 

144. The south frigid zone is bounded by the 
antarctic circle, distant '23° 28' from the south 
pole, which is situated in the centre of this zone. 

145. The ancients supposed the frigid zones 
uninhabited 6n account of the extreme cold which 
prevailed in them. They believed that the temper- 
ate zones were the only habitable parts of the 
earth. 

146. Amphiscii arc the inhabitants of the torrid 
zone, so called because they cast their shadows 
both north and south, at different times of the 
year ; the sun being north of them at noon, when 
it has north declination, and then they cast their ' 

. shadows south; when the sun has south declina- 
tion, they cast their shadows north. 

147. When the sun is vertical, or in the zenith, 
to the inhabitants of any place in the torrid zone, 
they have no shadow, and are called Ascii, or 
shadowless. 

*1 48. Heteroscii, is the name given to the inhab- 
itants of the temperate zones, because they cast 
their shadows, at noon, only one way. Thus, the 
shadow of an inhabitant of the north temperate 
zone always falls to the north at noon, because 
the sun is then directly south ; and an inhabitant 
of the south temperate zone casts his shadow- 
south, because the sun is due north at that time. 

149. Periscii are the people who inhabit the 
frigid zones, so called, because their shadows, 
during a revolution of the earth on its axis, are 
directed towards every point of the compass. In 
the frigid zones, the sun does not set during sev- 
eral revolutions of the earth upon its axis. 

150. Antoeci are those who live in the same 
degree of Longitude, and in equal degrees of lat- 
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itude ; but the one has north, and the other, soutk 
latitude. They have noon at the same time* but 
contrary seasons of the year; consequently the 
length of the day to the one is equal to the length 
of the night to the other. Those who live at the 
equator have no Antoeci. 

151. Perioeci are those who live in the same 
latitude but in opposite longitudes. When it is 
noon with the one, it is midnight with the other. 
They have the same length of days and nights, 
and the same seasons of the year. The people at 
the poles have no Perioeci. 

152. Antipodes are the inhabitants of the earth 
who live diametrically opposite to each other, and 
consequently walk feet to feet. Their latitudes, 
longitudes, seasons of the year, days, and nights, 
are all contrary to each other. 

153. The crepusculum or twilight is that faint 
light which we perceive before the sun rises and 
after he sets. It is occasioned by the earth's at- 
mosphere refracting the rays of light, and reflect- 
ing them from the particles thereof. The twi- 
light is supposed to end in the evening, when fhe 
sun is 18° below the horizon, and to begin in the 
morning, or it is day break, when the sun is again 
within 18° of the horizon. 

154. The twilight is shortest at the equator, 
-and longest at the poles, where the sun is near two 
months before he retreats 18° below the horizon ; 
and he is only two months more before he arrives 
at the same parallel of latitude. 

155. Refraction. The earth is surrounded by 
a body of air, called the atmosphere, through 
which the rays of light come to the eye from all 
the heavenly bodies; and since these rays are 
emitted through a very rare medium, and fall 
obliquely upon the atmosphere, which is a dense 
medium, they are, by the laws of optics, refracted 
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in lines approaching nearer to a perpendicular, from 
the place of observation, (or nearer to the zenith) 
than they would be, were the medium removed. 
Hence all the heavenly bodies appear higher than 
they really are ; and the nearer they are to the 
horizon, the greater the refraction or difference 
between their real and apparent altitudes will be. 

156. Any fluid or substance, through which a 
ray of light can penetrate, is called a mtdium^ as 
air, water, oil, glass, &c. The air near the earth 
is denser than in the higher regions of the atmos- 



light are supposed to meet with little or no resist- 
ance* 

157. The atmosphere extends to an unknown 
height ; but if, as astronomers generally calculate, 
the sun begins to enlighten it in the morning, when 
he comes within 18° of the horizon of any place, 
the height of the atmosphere may be calcu- 
lated to be nearly fifty miles* Its weight or pres- 
sure, upon a square inch of the earth's surface, is 
equal to about fifteen pounds avoirdupoise weights 

158* Refraction is variable according to the 
different densities of the air; hence it happens that 
we sometimes are able to see the tops of moun- 
tains, towers, or spires of churches, which are at 
other times invisible, though we stand in the same 
place. The density of the atmosphV re decreases 
with its height. * 

159. When the sky is clear* by the greater 
density of the atmosphere, we see the sun abotit 

* The state of the ..atmosphere is often very improperly 
expressed by those who are unacquainted with its nature, 
who, when their spirits are depressed^ ascribe the effect to 
the heaviness of the air ; whereas, on the contrary, it is pro- 
duced by its raiity or lightness; which, rendering its im- 
pressions weaker on our bodies, and not sufficient to coun- 
teract tho spring of the air within them, the blood vessels 
and nerves become relaxed ; but when the air is more dense, 




atmosphere, the rays of 
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ten minutes before he transits or actually risen 
above the horizon 5 but when it is cloudy, not 
above six minutes — the time differing according 
to the density ; which difference, from the most 
rare state, is found to be about four minutes. 
We also see the image of the moon about two 
minutes before she actually transits our horizon, 
in the densest state of the atmosphere. . «> 

160. The sun's meridian altitude, on the long- 
est day, decreases from the tropic of cancer to 
the north pole ; and in the torrid zone, when the 
sun is vertical, there is no refraction ; hence, the 
refraction is the least in the torrid zone, and the 
greatest at the poles.* 

161. Angle of position, between two places on 
the terrestrial globe, is an angle at the zenith of 
one of the places, formed by the brass meridian 
and the quadrant of altitude passsing through the 
other place, and is measured on the horizon. 

162. Rhumbs are the divisions of the horizon 
into thirty-two parts, called the points of the com- 
pass. A rhumb line is a spiral curve, drawn, or 

' supposed to be drawn upon the earth, so as to cut 
each meridian at the same angle, called the proper 
angle of the rhumb. If this line be continued, it 
will never return into itself, so as to form a circle, 
except it happen to be due east and west, or due 
north and scuth ; and it can never be a right line 
upon any map, except the meridians be parallel 
to each other, as on M creator's and the plane 
chart. * 

as is always the case when we see the vapours and clouds 
buoyed up by it, its weight and elasticity, balancing the in- 
ternal air, braces up the whole system and makes us feel 
light and sprightly. — Mrs. Bryajt. 

* Varenius, in his geography, speaking of the wintering of 
the Dutch in Nova Zembla, latitude 76° north, A. D. 1598, 
says, they saw the sun, in the year 1597, six days sooner than 
they would have seen it had there been no refraction.' 
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168. Analemraa. What is called the analcm- 
ma, on the globe, is a narrow slip of paper, the 
length of which is equal to the breadth of the tor- 
rid zone. It is pasted on some vacant place on 
the globe, in the torrid zone, and is divided into 
months and days of months, correspondent to the 
sun's declination for every day in the year. It is 
divided into two parts ; the right hand part begins 
at the winter solstice, or December 2 1st, and is 
reckoned upwards towards the summer solstice, or 
June 21st, where the left hand part begins, which 
is reckoned downwards, in a similar manner, to- 
wards the winter solstice. 

164. The figure of the earth, as composed of 
land and water, is nearly spherical. The only 
certain conclusion that can be drawn from the 
works of the several gentlemen who have been 
employed to measure the earth, is that u the earth 
is something more flat at the poles, than at the 
equator." The equinoctial diameter of the earth 
is about thirty-four miles longer than the polar 
diameter. 

165. What the earth loses of its sphericity by 
mountains and vallies, is very inconsiderable. 
Chimboraco, oue of the Andes mountains, the high- 
est in the world, is about twenty thousand six hun- 
dred and eight feet, or nearly four miles high, 
which elevation, if represented on an eighteen 
inch globe, would be less in height than a grain of 
sand. 

166. The celestial globe is an artificial repre- 
sentation of the heavens, on which the stars are 
laid down in their natural situations. The diur- 
nal motion of this globe is from east to west, and. 
represents the apparent diurnal motion of the sun, 
moon, and stars. In using this globe, the student 
is supposed to be situated in the centre of it, and 
viewing the stars in the concave surface. — [Fig. 3 J 
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1 67. The ecliptic is a great circle in which the 
sun makes his apparent progress among the fixed 
stars.*— [Vide Def. 61.] v 

168. The zodiac on the celestial globe is a 
space which extends about eight degrees on each 
side of the ecliptic, like a belt or girdle, within 
which the motions of all the planets (except the 
newly discovered planets or Asteroids) are perform- 
cd— [Fig. 3.] 

1 69. Latitude of a star or planet, on the celes- 
tial globe, is its distance from the ecliptic, north- 
ward or southward, counted towards the poles of 
the ecliptic, on the quadrant of altitude. — [Fig. 3.]- 

1 70. The greatest latitude a star can have . is 
90°, and the greatest latitude of a planet is nearly 
8°. The Asteroids, Ceres, Pallas, and Juno, do 
not appear to be confined within these limits. 

171. Longitude of a star or planet is reckoned 
on the ecliptic from the point Aries, eastward, 
round the globe. The longitude of the sun is con- 
tinually changing, and is what is called the sun's 
place on the terrestrial globe. 

172. Almacanters or parallels of altitude are 
imaginary circles parallel to the horizon, and serve 
to shew the height of the sun, moon, and stars. 
These circles are not drawn on the globe, but they 
may be described for any latitude, by the quadrant 
of altitude. 

173. Parallels of celestial latitude are small 
circles drawn on the celestial globe, parallel to tke 
ecliptic— [Fig* 3.] 

174. Parallels of declination are small circles, 
drawn parallel to the equinoctial, on the celestial 

* The sun's apparent diurnal path is either in the equinoctial, 
or in lines nearly parallel to it, and his apparent annual path may 
be traced in the heavens, by observing what particular constella- 
tion in the zodiac is on the meridian at midnight ; the opposite 
constellation will shew, very nearly, the sun's place at noon, on 
the same day. 
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globe, and are similar to the parallels of latitude 
on the terrestrial globe. 

175. The colures are two great circles passing 
through the poles of the world ; one of them passes 
through the equinoctial points, Aries and Libra ; 
the other through the solstitial points, Cancer and 
Capricorn : hence, they are called the equinoctial 
and solstitial colures. Tbey divide the ecliptic 
into four equal parts, and mark the four seasons of 
the year. — f Fig. 7.] 

1 76. Azimuth or vertical circles are imaginary 
great circles passing through the zenith and nadir, 
cutting the horizon at right angles. The altitudes 
of the heavenly bodies are measured on these cir- 
cles, which may be represented by screwing the 
quadrant of altitude on the zenith of any place, 
and making the other end move along the wooden 
horizon of the globe. 

177. The prime vertical is that azimuth circle 
which passes through the east and west points of 
the horizon, and is always at right angles with the 
brass meridian, which may be considered as anoth- 
er vertical circle, passing through the north and 
south points of the horizon. 

1 78 • Parallax is the difference between the true 
altitude of the sun, moon, or astar, if it were observ- 
ed at the centre of the earth, and the apparent alti- 
tude observed at the same instant by a spectator at 
any point on the surface of the earth Parallax 
makes objects appear lower than they re*lly 
are; it is greatest at the horizon, and decreases 
from thence to the zenith, where it is nothing. 

1 79. The altitude of any object in the heavens, 
is an arch of a vertical circle, contained between 
the centre of the object and the horizon. When 
the object is on the meridian, this arch is called the 
meridian altitude. 
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180. The zenith distance of any celestial ob- 
ject is the arch of a vertical circle, contained be- 
tween the centre of that object and the zenith ; or 
it is what the altitude of the object wants of 90°. 
When the object is on the meridian, this arch is 
caUed the meridian zenith distance. 

181 . The polar distance of any celestial object 
is an arch of a meridian contained between the 
centre of that object, and the pole of the equi- 
noctial* 

182. The amplitude of any object in the heav- 
ens is an arch of the horizon, contained between 
the centre of the object when rising or setting, and 
the east or west points of the horizon. The sun 
never rises exactly in the east nor sets exactly in 
the west, except at the time of the equinoxes. 

183. The azimuth of any object in the heav- 
ens is an arch of the horizon, contained between a 
vertical circle, passing through the centre of the 
object and the north or south points of the horizon. 
The azimuth of the sun, at any particular hour, is 
used at sea for finding the variation of the com- 
pass. 

184. Hour or horary circles are the same as 
meridians. They are drawn through every 15°* 
of the equator, each answering to an hour; conse- 
quently, every degree of longitude answers to four 
minutes of time, every half degree to two 
minutes, and every quarter of a degree to one mi- 
nute. On the globes, these circles are supplied by 
the brass meridian, the hour circle, and its index. 

185. The six o'clock hour line. As the meri- 
dian of any place, with respect to the sun, is call- 
ed the 12 o'clock hour circle; so that great circle, 
passing through the poles, which is 90° distant 
from it on the equator, is called by astronomers 

*Qn Cary's globes the meridians are drawn through every 10<>. 
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the 6 o'clock hour line. The sun and stars are 
on the eastern half of this line, six hours before 
they come to the meridian ; and on the western 
half, six hours after they have passed the meri- 
dian. 

186. The culminating point of a star or pla- 
net, is that point of its orbit which, on any given 
day, is the most elevated. Hence a star or placet 
is said to culminate, when it comes to the meridian 
of any place ; for then its altitude, at that place, is 
greatest* 

187. The right ascension of the sun or a star, 
is that degree of the equinoctial which rises with 
the sun or a star, in a right sphere, and is reckon- 
ed from the equinoctial point Aries, eastward, round 
the globe. 

188. Oblique ascension of the sun or a star, is 
that degree of the equinoctial which rises with the 
sun or a star, in an oblique sphere, and is likewise 
counted eastward from the point Aries, round the 
globe. 

189. Oblique decension of the sun or a star, is 
that degree of the equinoctial which sets with the 
sun or a star, in an oblique sphere. 

190. Ascensional or Descensional difference is 
the difference between the right and oblique as- 
cension, or the difference between the right and 
oblique descension, and with respect to the sun, it 
is the time he rises before 6 in the summer, or sets 
before 6 in the winter. 

191. The fixed stars are so called, because thev 
have usually been observed to keep the same dis- 
tance with respect to each other. 

192. The fixed stars have an apparent motion 
from east to west, in circles parallel to the equi- 
noctial, arising from the revolution of the earth 
from west to east ; and on account of the preces- 
sion of the equinoxes, .their longitudes increase 
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about 5(H seconds in a year ; this likewise causes 
a variation in their declinations and right ascen- 
sions : their latitudes are also subject to a small va- 
riation. 

193. The precession of the equinoctial points 
has occasioned an apparent advance of the fixed 
stars, in their longitude, of about 50i seconds per 
year ; from whence it follows, that since the time 
of Ptolemy, in the infant state of astronomy, the 
zodiacal figures or constellations have moved for- 
wards about one whole sign, as shewn on the ce- 
lestial globe, the constellation Aries being situa-. 
ted in that part of the ecliptic named Taurus, Tau- 
rus in Gemini, &c. Hence the stars that used to 
rise and set at particular seasons of the year in the 
times of Hesiod, Eudoxus, Virgil, Pliny, &c. at 
present, will have a manifest difference in respect 
to time. In the time of Hipparchus, who made 
his observations between one hundred and sixty, 
and one hundred and thirty five years before 
Christ, the equinoctial colure is supposed to have 
passed through the middle of the constellation 

Aries. 

194. The poetical rising and setting of the stars, 
so called because they are noticed by the ancient 
poets, who referred the rising and setting of the 
stars to the sun. When a star rose with the sun, 
or set when the sun rose, it was said to rise and 
set cosmically ; when a star rose at sun-setting, 
or set with the sun, it was said to rise and set 
achronically ; when a star first became visible in 
the morning, after having been so near the sun as 
to be hid by the splendour of his beams, it was said 
to rise hrtiacally ; and when a star first became 
invisible in the evening, on account of its nearness 
to the sun, it was «*id to set heliacal ly. 

195. A constellation is an assemblage of stars, 
on the surface of the celestial globe, circumscribed 
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by the outlines of some assumed figure, as a ram, 
a dragon, a bear, &c. This division of the stars 
into constellations is necessary, in order to direct 
the eye to any part of the heavens, where any par- 
ticular star is placed. 

196. The following tables contain all the con- 
stellations on the new British globes. The north- 
ern are, in number, 34 ; the southern, 47 ; the zo- 
diacal, 12 ; amounting in the whole to 33 constella- 
tions. The largest stnrs^ are called stars of the first 
magnitude; those of the next size are called stars 
of the second magnitude ; and they are thus distin- 
guished numerically, down to the sixth. Stars of 
the sixth magnitude are the smallest that can be 
seen by the naked eye. All stare that cannot be 
seen without the assistance of the telescope, are 
called telescopical stars. 



CONSTELLATIONS IN THE ZODIAC. 





Constellations, 


stars. 


1 


. Aries, the rarrij 


66 


2 


Taurus, the bull, 


141 


3 


Gemini, the twins, 


85 


4 


Cancer, the crab, 


83 


5| 


Leo, the Lion, 


95 


6 


Virgo, the virgin, 


110 


7 


Libra, the balance, 


t 

51 


8 


Scorpio, the scorpion, 


44 


9 


Sagittarius, the archer, 


69 


10 


Capricornus, the goat, 


51 


11 


Aquarius, the water-bearer, 


108 


12 


Pisces, the fishes, 


113 




5 


• 



JVb. of JVflmw of prin- 
cipal stars. 

Arietis, 2." 
£ Aldabaran, 1. 
J The Pleiades, 
f The Hyades. 
Castor 1 Pollux 2 



Regulus, 1. 

SSpica, 1. 
Vinderniatrix, 2. 



Antares, 1. 



Scheat, 3. 
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NORTHERN CONSTELLATIONS. 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 
15 
16 
17 

18 

19 

20 
2V 
22 
23 

24 

25 
26 
27 



30 

31 

32 
33 
34 



Constellations. 

Mons Maenalus, 

Serpens. 

Serpenrarius, 

Taurus Poniatowski, 

Scutum Sobieski, 

Aquila, Antinous, 

Equulus, 

Leo Minor, 

Coma Berenices, 
( Asterion and Chara, or 
\ Canes Venatici, 

Bootes, 

Corona Borealis, 
Hercules, Cerberus, 
Lyra, 

Vulpecula and Anser, 

Sagitta, 

Delphinus, 

Pegasus, 

Andromeda, 

Triangulum, 
Triangulum minus, 
Musca, 
Ursa minor, 

Ursa major, 

Cor Caroli, 

Draco, 

Cygnus, 

Lacerta, 

Cepheus, 

Cassiopeia, 

Perseus, Caput Medusa, 

Camelopardalus, 

Auriga, 

Lynx, 



No. of 
stars. 

11 

64 
74 

7 

8 
71 
10 
53 
43 

25 

54 

21 

113 

21 
35 
18 
18 

89 

66 

11 

5 
6 
24 

87 

3 
80 
81 
16 
35 
55 

59 « 

58 
66 
44 



Names of pri?i* 
cipal stars. - 



Ras Albagus 



Altair, 1. 



Deneb, 2. 



( Arcturus, 1. 
( Mirach, 3. 
Alphacca, 2. 

i Ras Algethi, 3. 
I in hd. of Here. 

Vega, 1. 



Markab, 2. 
Scbeat, 2. 
Mirach, 2. 
Almaach, 2. 



Pole star, 2. 
IDubhe, 2. 
^Alioth, 2. 
f Benetnacb, 2. 

Rastaban, 2. 
Deneb Adige, 1 

Alderamin, 3. 

Schedar, 3. 
5 Algenib, 2. 
I Algol, 2. 

Capella, 1. 
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SOUTHERN CONSTELLATIONS. 



Constellations. 

Cetus, 
Eridanus, 

Orion, 

Monoceros, 
Cams minor, 
Hydra, 
Sextans, 
Microscopiuni, 
Piscis Australis, 
Omcina Sculptoria, 
Fornax Chymica, 
Brandenburgium Sc. 
Lepus, 

Columba Noachi, 
Canis major, 
Pyxis Nautica, 
Machina Pneumatica, 
Crater, 
Corvus, 

Centaurus, 
Lupus, 

Quadra Euclidis, 
Circinus, 

Triangulum Australe, 
Crux, 

Musca Australis vel apis, 

Chamoeleon, 

Ara, 

Telescopium, 

Corona Australia, 

Indus, 

Grus, 

Pavo, 

Avis lndica, 

Octaus Hadieianus, 

PhoBnix, 

Horologium, 

Reticulum Rhomboidum, 

Hydrus, 

Touchan, 



Ab. of 
slars. 

97 
84 

78 

31 
14 
60 
41 
10 
24 
12 
14 

3 
19 
10 
31 

4 

3 
31 

9 
35 
24 
12 

4 

5 

5 

4 
10 

9 

9 
12 
12 
13 
14 
11 
43 
13 
12 
10 
10 

9 



Names of prin- 
cipal stars. 

Menkar, 2* 
Acherner, 1. 
Bellatrix, 2. 
Betelguese, 1. 
Rigel, 1. 

Procyon, 1* 
Cor Hydra, L 

Fomalhault, 1, 



Sirius, 1. 



Alkes, 3, - 
Algorab, 3. 
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41 
42 
43 
44 
45 
46 
47 



Constellations. 

Mons Menste, 
Cela Sculptoria, 
Equuleus Pictorius, 
Dorado or Xiphias, 
Argo Navis, 
Piscis Volans, 
Robur Caroli, 



JV o. of 
stars. 

30 
16 

8 

6 
64 

8 
12 



Names of prin* 
cipal stars. 



Canopus, 1. 



197: The magnitude of the fixed stars will 
probably forever remain unknown ; all the knowl- 
edge of their size that we can have any reason to 
expect, is an approximation founded on conjec- 
ture. It has been concluded from a comparison 
of the light afforded by a fixed star, and that of the 
sun, that the stars do not materially differ, in mag- 
, iiitude, from the sun. The different apparent mag- 
nitudes of the sun is supposed to arise from their 
different distances; for the fixed stars are not plac- 
ed in a concave hemisphere, as they appear in the 
heavens, or in a convex surface, as they are repre- 
sented on a celestial globe, 

198. The distances of the fixed stars are so 
immensely great, tbat it is impossible for them to 
shine by the light of the sun reflected from their 
surfaces ; they must therefore be of the same na- 
ture with the sun, and, like him, shine with their 
own light, being suns to systems of worlds, to us 
invisible. Sirius, the nearest of the fixed stars, 
is two billions, two hundred thousand millions of 
miles from our earth. A cannon ball discharged 
from the earth, moving at the rate of 480 miles an 
hour, would not arrive at it in a less time than 
700,000 years. 

199. The number of fixed stars is beyond all 
human powers of computation. Those which 
may be seen by the naked eye, however, are about 
3000 ; comprehending all the stars from the first 
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to the sixth magnitude. But a good telescope, 
directed almost indifferently to any point in the 
heavens, discovers multitudes of stars, which, 
without it, would be invisible. 

200. The Galaxy, Via lactea, or Milky way, is a 
whitish luminous tract which seems to encompass 
the heavens like a gridle, of a considerable, though 
unequal breadth, varying from 4 to 20°. It is 
composed of an infinite number of small stars, 
which, by their joint light, occasion that confused 
whiteness which we perceive in a clear night. 

201. The milky way may be traced on the 
celestial globe, beginning at Cygnus, through Ce- 
pheus, Cassiopeia, Perseus, Auriga, Orion's club, 
the feet of Gemini, part of RIonoceros, Argo 
Navis, Robur Caroli, Crux, the feet of the Centaur y 
Circinus, Quadra Euclidis, and Ara — here it is 
divided into two parts ; the eastern branch pass- 
es through the tail of Scorpio, the bow of Sagitta- 
rius, Scutum Sobieski, the feet of Antinous, Aquila, 
Sagitta, and Vulpecula ; the western branch passes 
through the upper part of the tail of Scorpio, the 
right side of Serpentarius, Taurus Poniatowski, 
the Goose, and the neck of Cygnus, in the body 
of which constellation, it meets and unites with 
the eastern branch. 

202. Nebulous, or Cloudy, is a term applied to 
certain fixed stars, smaller than those of the sixth 
magnitude, which only shew a djm, hazy light, 
like little specks or clouds. It may be further 

. remarked, that the milky way is a continued as- 
semblage of Nebulas. In some of the spaces 
termed Nebulous, no stars appear. 

203. Magellanic clouds are whitish appear- 
ances like clouds, seen in the heavens towards the 
south pole, and having the same apparent motion 
as the stars. They are three in number, two of 

5* 
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them near each other. The largest lies at a coir* 
siderable distance from the south pole, but the 
other two are not many degrees more remote from 
it than the nearest conspicuous star, that is, about 
11°. They are now supposed to be Nebulae of 
small stars, like the milky way. 

204. Bayer's characters. John Bayer, of Augs- 
burg, in Swabia, published, in 1603, an excellent 
work, entitled Uranometria, being a celestial atlas 
of all the constellations, with the useful invention 
of denoting the stars in every constellation, by the 
letters of the Greek and Roman alphabets ; set- 
ting the first Greek letter (#) to the principal star 
in each constellation, (0) to the second, (y) to the 
third, and so on ; and when the Greek alphabet 
lyas finished, he began with a, 6, c, &c. of the 
Roman. This useful method has been followed 
by all succeeding astronomers, who have farther 
enlarged it, by adding the numbers 1, 2, 3, &c. 
when anv constellation contains more stars than 
can be marked by the two alphabets. The figures 
are, however, sometimes placed over the Greek 
letter, especially where double stars occur; for, 
though many stars may appear single to the naked 
eye, yet, when viewed through a telescope of con- 
siderable magnifying powers, they appear double, 
triple, &c. Thus, in Dr. Zach's Tabulae motuum 
Solis, we meet with (/) Tauri, (0). Tauri, (y) 
Tauri, Tauri, (J 2 ) Tauri, &c. 

205. As the Greek characters so frequently 
occur in catalogues of stars, and on the celestial 
globe, ttae Greek alphabet is here inserted, for the 
use of those who are unacquainted with the let- 
ters. The capitals are seldom used by astrono- 
mers, Inrt are here given for the sake of regularity. 
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Name. 



A A 

B 0 C 

r y f 

£ i 

H * 

0 S 0 

1 i 
K » 

A \ 
M /u 
N v 

*f 
O o 

n «r T 

T u 
* * 



BlITflt 

Tct/ut/uA 
*Ht* 

Aaf /uCT* 
Mu 
Nv 
Si 

*P3» 

Taw 

*? 

x? 



Alpha 

Beta 

Gamma 

Delta 

Epsiion 

Zeta 

Eta 

Theta 

Iota 

Kappa 

Lambda 

Mu 

Nu 

Xi 

O micron 
Pi 

Rho 

Sigma 

Tau 

Upsilon 

Phi 

Chi 

Psi 

Omega 



g 

d 

e short 
z 

e long 
i 

k c 
1 

in 

n 

x 

o short 
P 

r • 

8 
t 
U 
P h 

ch 
pa 

o long 



20.6. Planets are opaque bodies, similar to our 
earth, which move round the sun in certain peri- 
ods of time. They shine not by their own light, 
but by the reflection of the light which they re- 
ceive^from the suu. The planets are distinguish- 
ed into primary and secondary. 

207. The primary planets regard the sun as 
the centre of their motion. There are eleven 
primary planets, distinguished by the following 
characters and names : $ Mercury, 9 Venus, 0 
the Earth, % Mars, Ceres, Pallas, Juno, Vesta, 
X Jupiter, k Saturn, « Georgium Sidus or Her- 
schel. 

> 
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£08. Since the 1st of January, 1801, four new 
planetary bodies have been discovered, between 
the orbits of Mars and Jupiter, to which the names 
Ceres, Pallas, Juno, and Vesta have been given. 
They are apparently at such equal distances from 
the sun, that it is not yet decided with certainty, 
which of them is the nearest or the most remote. 
Their orbits are not confined within the limits of 
the zodiac. Neither of them is visible to the na- 
ked eye, or appears, through a telescope, larger 
than a star of the fifth magnitude. They are gen- 
erally called Asteroids. 

208. The secondary planets, satellites or moons, 
regard the primary planets as their centres of mo- 
tion ; thus, the moon revolves about the earth, 
the satellites of Jupiter move round that planet, 
&c. There are eighteen secondary planets. The 
Earth has one satellite, Jupiter four, Saturn seven, 
and the Georgium Sidus six satellites. 

210. The orbit of a planet is the imaginary path 
which it describes round the sun. The earth*s 
orbit is represented by the ecliptic. 

211. Nodes are the twu opposite points, where 
the orbit of a planet seems to intersect the eclip- 
tic. The node in which the planet appears to 
ascend from the south to the north side of the 
ecliptic, is called the ascending Node, and is mark- 
ed thus,& ; and the opposite point, where the 
planet appears to descend, from the north to the 
south side of the ecliptic, is called the descending 
Node, and is marked thus, £5. 

212. Aspect of the stars and planets is their 
situation with respect to each other.. There are 
live aspects, viz. 6 Conjunction, when they are in 
the same sign and degree ; i^Sextile^ when they 
are two signs or a sixth part of a circle distant ; 
a Quartile, when they are three signs, or a fourth ~ 
part of a circle from each other; Alnne, when 
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they are four signs or a third part of a circle from 
each other ; $ Opposition, when they are six signs 
or half a circle apart. 

213. The conjunction and opposition (particu- 
larly of the moon) are called the Syzygies ; and 
the Quartile aspect, the Quadratures, 

214. Direct. A planet's motion is said to be 
direct, when it appears, to an observer on the 
earth, to go forward in the zodiac, according to 
the order of the signs. 

215. Stationary. A planet is said to be sta- 
tionary, when, to an observer on the earth, it ap- 
pears for some time in the same point of the 
heavens. 

216. Retrograde. A planet is said to be ret- 
rograde, when it apparently goes backward, or 
contrary to the order of the signs. 

217. Digit. The twelfth part of the sun's or 
moon's apparent diameter. 

218. Disc. The face of the sun or moon, such 
as it appears to a spectator on the earth ; for 
though the sun a^nd moon be really spherical bod- 
ies, they, appear to be circular planes. 

219. Geocentric latitudes and longitudes of the 
planets, are their latitudes and longitudes, as seen 
from the earth. * 

220. Heliocentric latitudes and longitudes of 
the planets, are their latitudes and longitudes, as 
they would appear to a spectator situated in the 
sun. 

221. Apogee, or Apogeum, is that point in the 
orbit of a planet, the moon, &c. which is farthest 
from the earth. 

222. Perigee, or Perigeum, is that point in the 
orbit of a planet, the moon, &c. which is nearest 
to the earth* 

223. Aphelion, or Aphelium, is that point in the 
orbit of tne earth, or of any other planet, which 
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is farthest from the sun. This point is called the 
higher Apsis. 

224. Perihelion, or Perihelium, is that point in 
the orbit of the earth, or of any other planet, 
which is nearest to the sun. This point is called 
the lower Apsis. 

225. Line of the Apsides, is a straight line join- 
ing the higher and lower apsis of a planet, viz. a 
line joining the Aphelium and Perihelium. 

226. Eccentricity of the orbit of any planet, is 
the distance between the sun, and the centre of 
the planet's orbit. 

227. Occultation is the obscuration, or hiding 
from our sight, of any star or planet, by the interpo- 
sition of the body of the moon, or any other planet. 

228. Transit is the apparent passage of any 
planet over the face of the sun, or over the face 
of any other planet. Mercury and Venus, in their 
transits over the sun's disc, appear like dark 
specks. Transit is also the passage of the sun, 
moon, or any other planet, over the meridian, ho- 
rizon, or some other line or circle of the heavens. 

229. Eclipse of the sun is an occultation of part 
of the disc of the sun, occasioned by a»n interpo- 
sition of the moon, between the earth and the sun 3 
consequently, all eclipses of the sun happen at the 
time of the new moon. Sometimes the whole 
disc is hidden, and then the eclipse is said to be 
total. 

230. Eclipse of the moon is a privation of the 
light of the moon, occasioned by the interposition 
of the earth, between the sun and the moon ; con- 
sequently, all eclipses of the moon happen when 
she is full. 

231 • Elongation of a planet is the angle formed 
by two lines drawn from the earth, the one to the 
8Un and the other to the planet. It is the appa- 
rent distance of a planet from the sun, as seen from 
the earth. 
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232. Diurnal arch is the arch described by the 
sun, moon, or stars, from their rising to their set* 
ting. The sun's semi-diurnal arch is that which 
he describes in half the length of a day. 

233. Nocturnal arch is the arch described by 
the sun, moon, and stars, from their setting to 
their rising. 

234. Aberration is an apparent motion of the 
celestial bodies, occasioned by the earth's annual 
motion in its orbit, combined with the progressive 
motion of light. 

235. Centripetal force is that force with which 
a moving body is perpetually urged towards a 
centre, and made to revolve in a curve, instead of 
proceeding in a right line ; for all motion is na- 
turally rectilinear. Centripetal force, attraction, 
and gravitation are terms of the same import. 

236. Centrifugal force is that force with which 
a body, revolving about a centre, or about another 
body, endeavours to recede from that centre or 
body. There are two kinds of centrifugal force, 
viz. that which is given to bodies, moving round 
another body as a centre, usually called the pro- 
jectile force ; and that which bodies acquire by 
revolving upon their own axes. Thus, for exam- 
ple, the annual orbit of the earth round the sun, 
is regulated by the action of the centripetal and 
projectile forces; and the diurnal rotation of the 
earth on its axis, gives to all its parts a centrifu- 
gal force, proportional to its velocity. 

237. The orbit of the earth, and of the other 
planets, is not a circle, but is of an elliptical form, 
having the sun in one of its foci* — nor is the mo- 

* To understand the true meaning of the term foci, a know- 
ledge of Geometry and Conic Sections is necessary. It will be 
sufficient, in this place, for the young pupil to know, that if a 
thread, with its ends united, be laid on a piece of p«ipcr r and 
two pins be fixed at any distance on a line, within the thread, — 
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tion of the earth in its orbit uniform ; for it is 
about eight days longer in its aphelion, than in 
its perihelion ; yet its motion is regulated by a 
certain immutable law, from which it never devi- 
ates ; which is, that a line drawn from the centre 
of the sun to the centre of the earth, being carried 
about with an angular motion, describes an ellip- 
tical area, proportional to the time in which that 
area is described, viz. if {he times in which the 
earth moves from A to E*, from E to D, and from 
D to B, be equal, then the areas or spaces A S E, E 
S D, and D S B, will all be equal. The motion 
of the earth is sometimes quicker, and sometimes 
Blower in moving through equal parts of its orbit : 
for when the earth is at A, in winter, the sun at- 
tracts it more strongly^ and therefore the motion 
is quicker than any where else ; when it is at B, 
in the summer, it is least affected by the sun's at- 
traction, and, consequently, the motiott is there 
slower than in any part of its orbit ; for the power 
of gravity decreases as 1he squares of the distances 
increase : besides, it is evident from the construc- 
tion of the figures, that, if the space A S E be 
described in the same time with the space BSD, 
the arch A E will be greater than the arch B D. 
All the other planets move in a similar manner, 
in elliptical orbits, and their motions; times, &c. 
are regulated by the same law which regulates 
those of the earth. 

238* Systems — the Ptolemaic. In the Ptole- 
maic system, the earth is supposed to be at rest 
in the centre of the universe, while the heavens 
are considered as revolving about it, from east to 

then, if he take a pencil, and move it round the pins, so as 
to keep the thread fully stretched, an ellipsis will be formed, 
of which, the points where the pins were fixed, will be the 
foci. 

*See Fig. 4, 
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west, in twenty-four hours, and carrying with them 
all the stars and planets. 

239. The Tychonic system was invented and 
taught by Tycho Brahe, a Dane. It supposes 
that the earth is fixed in the centre of the universe, 
or firmament of stars ; and that all the stars and 

lanets revolve around the earth in twenty-four 
ours. But it differs from the Ptolemaic system, 
as it not only allows a monthly motion to the moon 
round the earth, and that of the satellites round 
Jupiter and Saturn, in their proper periods : but 
the sun is, in this system, considered as the cen- 
tre of the primary planets, which, in their orbits, 
are carried round the sun in their respective years, 
as the sun revolves round the. earth in a solar 
year; and all these planets, with the sun, are sup- 
posed to move round the earth in twenty-four 
hours. This hypothesis, embarrassed and per- 
plexed with so many obviously contradictory sup- 
positions, gained but few advocates, 

240. The Cartesian system was invented by 
Rene Descartes, a learned Frenchman, who flour- 
ished in the seventeenth century. He maintained 
the elements of all matter to be indivisible atoms. 
He made a small improvement on the systems of 
the ancients, by alleging that these atoms are not 
all alike, or of the same magnitude. He attri- 
buted to each atom a particular motion on its own 
axis, and to the whole universe of atoms, a gen* 
eral motion round a common centre, as in a vorte? 
or whirlpool. He asserted that the most rare 
particles of matter collected in the middle of the 
system and formed the sun. In addition to this 
general and common vortex, he assigned to each 
primary planet and its satellite, an appropriate and 
subordinate vortex, which occasioned the revolu- 
tion on its own axis. " In short" says an ingeni- 
ous investigator of this system, " the word vortex, 

6 
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m the hand of Descartes, was a key to unlock all 
the secrets of nature. 9 ' But this hypothesis has 
long been condemned as un philosophies I, false, 
and visionary; and has, with the inventions of 
Ptolemy and Tycho, given place to the Cope mi- 
can or true Solar system.* 



GEOGRAPHICAL THEOREMS. 

241. The latitude of any place is equal to the 
elevation of the polar star, (nearly) above the ho- 
rizon, and the elevation of the equator above the 
horizon is equal to the complement of latitude, 
or what the latitude wants of 30°. 

242. All places under the equinoctial, or on 
the equator, liave no latitude, and all places sit- 
uated on the first meridian have no longitude; 
consequently, that particular point on the globe, 
where the first meridian intersects the equator, 
has neither latitude nor longitude. 

243. The latitudes of places increase, as their 
distances, from the equator, increase. The great- 
est latitude a place can have is 90°. 

244. The longitudes of places increase, as their 
distances, from the first meridian, increase — reck- 
oned on the equator. The greatest longitude a 
place can have is 180° — being half the circumfe- 
rence of the globe at that place : hence, no two 
places can be at a greater distance from each other 
than 180°. 

245. The sensible horizon of any place changes 
as often as we change the place itself. 

246. All countries upon the face of the earth, 
in respect to time, equally enjoy the light of the 
6un, and are equally deprived of the benefit of it $ 

* See page 5$. 
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that is, every inhabitant of the earth has the sue 
above his horizon for six months, and below his 
horizon for the same length of time.* 

247. In all places of the earth, except exactly 
under the poles, the days and nights are of an 
equal length, viz. twelve hours each — when the 
sun has no declination; that is, on the 21st of 
March, and on the 23d of September* 

248. In all places situated on the equator, the 
days and nights are always equal, notwithstanding 
the alteration of the sun's declination from north 
to south, or from south to north. 

249. In all places, except those upon the equa* 
tor, or at the two poles, the days and nights are 
never equal, but when the sun enters the signs 
of Aries and Libra, on the 21st of March and the 
23d of September. 

250. In all places lying under the same parallel 
of latitude, the days and nights, at any particular 
time, are always equal to each other. 

> 

* This, though nearly true, is not exactly so. The refrac- 
tion in high latitudes is very considerable, and near the poles, 
the sun will be seen for several days before he transits the 
horizon; and he will, for the same reason, be seen for sev* 
eral days after he has descended below the horizon. The 
inhabitants of the poles, if any, enjoy a very great degree of 
twilight ; the sun being nearly two months before he retreats 
18 Q below the horizon, or to the point where his rays are first 
admitted into the atmosphere ; and he is only two months 
more before he arrives at the same parallel ojf latitude ; and 
particularly near the north pole, the light of the moon is 
greatly increased by the reflection of the snow and the bright- 
ness of the Aurora Borealis ; the sun is likewise about seven 
days longer in passing through the northern than the south- 
ern signs; that is, from the vernal equinox, which happens 
on the 21st of March, to the autumnal equinox, which falls 
on the 23d of September, being the summer half year to the 
inhabitants of north latitude, is one hundred and eighty-six 
days : the winter half year is therefore only one hundred {Rid 
•eventy-nine days. The inhabitants near the north pole have, 
consequently, more light in the course of a year, than any 
o&er inhabitants on the surface of the globe* 
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/ 251. The increase of the longest days from the 
equator, northward or southward, does not beap 
any certain ratio to the increase of latitude ; if the 
longest days increase equally, the latitudes increase 
unequally. This is evident from the table of cli- 
mates. 

252. To all places in the torrid zone, the morn- 
ing and evening twilight are the shortest ; to all 
places in the frigid zones, the longest; and to all 
places in the temperate zones, a medium between 
the other two. 

253. To all places lying within the torrid zone, 
the sun is vertical twice a year ; to those .under 
each tropic, once ; but to those in the temperate 
and frigid zones, it is never vertical. 

254. At all places in the frigid zones, the sun 
appears every year, without setting for a certain 
number of days, and disappears for nearly the 
same space of time : and the nearer the place is to 
the pote, the longer the sun continues without set- 
ting, viz. the length of the longest days and nights 
increases, the nearer the place is to the pole. 

255. Between the end of the longest day, and 
the beginning of the longest night, in the frigid 
zone, and between the end of the longest night, 
and the beginning of the longest day, the sun rises 
and sets as at other places on the earth. 

256. At all places situated under the arctic or 
antarctic circles, the sun, when he has 23° 28' dec- 
lination, appears for twenty-four hours without 
setting; but rises and sets at all other times of the 
year. 

257. At all places between the equator and the 
north pole, the longest day and the shortest night 
are when the sun has 23° 28', the greatest north- 
ern declination ; and the shortest day and the 
longest night are when the sun has an equal de- 
gree of south declination. This theorem, if the 
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terms are reversed, is applicable to the days and 
bights in the southern hemisphere. 

258. At all places situated on the equator, the 
shadow of an object at noon, placed perpendicu- 
larly to the horizon, falls towards the north dur- 
ing one half of the year, and towards the south, 
during the other half ; except when the sun is iu 
the equinoctial points, when no shadow is pro- 
jected either way. 

259. The nearer any place is to the torrid zone, 
the shorter the meridian shadow of objects will 
be. When the sun's altitude is 45°, the shadow 
of any perpendicular object is equal to its height. 

260. The farther any place, situated in the 
torrid or temperate zones, is from the equator, 
the greater will be the sun's rising and setting 
amplitude. 

261. All places situated under the same meri- 
dian, so far as the globe is enlightened, have noon 
at the same time. 

262. If a ship set out from any port, and sail 
round the world, eastward, to the same port again, 
the people in the ship, in reckoning their time, 
will gain one complete day at their return, or count 
one day more than those who reside at the same 
port. If they sail westward, they will lose or 
reckon one day less. 

263. To illustrate this, suppose the person who 
travels westward should keep pace with the sun, 
it is evident he would have continual day during 
his tour round the earth; but the people who re- 
mained at the place he departed from have had 
night in the same time, consequently, they reckon 
a day more than he does. 

264. Hence, if two ship? should set out at the 
same time, from any port, and sail round the globe, 
the one eastward and the other westwarrd, so as 
to meet at the same port, on any day whatever* 

■ 
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they will differ two days in their reckoning, at 
their return. If they sail twice round, they will 
differ fopr days ; if thrice, six days, &c. 

265* Bnt if two ships should set out at the 
same time, from any port, and sail round the 
world, northward or southward, so as to meet at 
the same port, on any day whatever, they will not 
differ a moment in their time, nor from those who 
reside at the port 



< 

BRIEF ACCOUNT OF THE SOLAR SYSTEM. 

266. The solar system is so called, because the 
sun is supposed to be in a certain point, termed 
the centre of the system, having all the planets 
revolving around it at different distances, and in 
different periods of time — this is likewise called 
the Copernican system, from Nicholas Coperni- 
cus, a native of Thorn, in Prussia, and is the 
Pythagorean system revived and established.* 

267. The sun is situated near the centre of the 
orbits of all the planets, and revolves on its axis 
in twenty-five days, fourteen hours, eight minutes. 
The sun is likewise agitated by a small motion 
round the centre of gravity of the Solar system, 
occasioned by the various attractions of the sur- 

Grounding planets. 

> 

* The great ancient Philosopher, Pythagoras, was born 
about five hundred and ninety years before Christ. His fath- 
er's principal residence was at Samos ; but, being a travelling 
merchant, his son Pythagoras was bom at Sidon, in Syria. 
He discovered and maintained the true system of the world, 
which places the sun in the centre, and makes all the plan- 
ets revolve around him. This system, revived by Corpernicus 
and established by Galileo, Newton, and other learned mod- 
ern sages, is now universally received as true, since it is the 
only one that can be brought to bear the test of mathematical 
analysis and demonstration. 
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268* As the sun revolves on an axis, his figure^ 
is supposed to be not exactly in the form of a 
globe, bat a little flattened at the poles. His axis 
makes an angle of about 8°, with a perpendicular 
to the plane* of the earth's orbit. 

269. As the sun's apparent diameter is longer 
in December than in June, it follows, that our 
earth is nearer to it in winter than in summer; 
for the apparent magnitude of a distant body di- 
minishes as the distance increases. This circum- 
stance also proves that the orbit of the earth is 
elliptical, the sun being in one of the foci. 

270. The mean apparent diameter of the sun is 
32' 2" ; hence, taking the distance of the earth 
from the sun to be ninety-five millions of miles, 
its real diameter will be eight hundred and eighty- 
three thousand miles. The sun is more than a 
million times larger than the earth. 

271. The earth is farther from the sun in sum- 
mer than in winter. To the question why our win- 
ters are colder than our summers, it may be 
answered, that our summer is hotter than our 
winter, first, on account of the greater height to 
which the sun rises above our horizon, in the sum- 
mer; secondly, the greater length of the days. 
The sun is much higher at noon, in the northern 
hemisphere, than in winter; and, consequently, 
as his rays are less oblique, than in winter, more 
of them will fall on the surface of the earth. In 
the summer, the days are very long and the nights 
very short ; therefore the earth and air are more 
heated in the day, than they are cooled in the 
night; and, on this account, the heat will keep 
increasing in the summer ; and, in winter, when, 

* Plane. — This term denotes a flat surface, lying evenly be- 
tween its bounding lines. — Euclid. The sphere is wholly ex- 
• plained by planes conceived to cut the celestial bodies, and to 
£11 the areas, or circumferences of their orbits. 
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during the long nights, the earth and air are more 
cooled in the night, than they are heated in the 
day, the cold will proportionally increase* 

272* The solar system consists of eleven pri- 
mary planets, eighteen secondary planets, satel- 
lites, or moons, and a number of comets. 
- 273. The earth has one moon, Jupiter four, 
Saturn seven, and Herschel six moons. 

274. All the planets move round the sun from 
west to east, and the secondary planets move round 
their primaries in the same direction, excepting 
those of Herschel,* which move from east to west. 

275. The following table will give the diame- 
ters of the sun and planets ; their mean distances 
from the sun, and the times in which their annual 
and diurnal revolutions are performed. 

■ 

Diurnal re- 
Mean dis- volution on Annual revolu- 
Diameters tances from their ovrn Hons round the 
Names, in E. miles, the sun. 



The Sun, 

Mercury, 

Venus, 

Earth, 

Mars, 

Ceres, 

Pallas, 

Juno, 

Vesta, 

Jupiter, 

Saturn, 

Herschel, 



883,000 
3,200 
7,687 
7,964 
4,189 
160 
110 



89,170 
79,042 
35,109 



37,000,000 
68,000,000 
95,000,000 
144,000,000 
266,000,000 
266,000,000 
255,000,000 

490,000,000 
900,000,000 
1800,000,000 



axes. 

D. H. M. 

25 14 08 
unknown 
23 22 
23 56 
24-40 
unknown 
unknown 
unknown 



9 56 
10 16 
unknown 



sun. 

D. H. M. 8. 

. 87 23 

224 17 

365 05 48 48 

687 
1,683 
1,683 
1,582 



4,332 06 
10,759 01 51 
30,445 18 or a- 
bout 83 1-2 yeai9. 



276. Mercury is the least of all the planets 
whose .magnitudes are accurately known. When 
seen through a telescope, he appears* sometimes in 
the form of a half moon ; hence it is inferred that 
he has phases like the moon, except that he never 

* Some authors contend that the satellites of Herschel move, 
like other planetary bodies, from west to east. 
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appears quite round, because bis enlightened side 
is never turned directly towards us, unless when 
he is so near the sun as to become invisible, by 
the splendour of his rays. Mercury shines with a 
bright white light ; but, on account of his near- 
ness to the sun and his small size, he is seldom 
seen — always appearing soon after sunset, and a 
little before sunrise. The light and heat which 
this planet receives from the sun, are about seven 
times greater than the light and heat which the 
earth enjoys from that luminary. The orbit of 
Mercury makes an angle of about 7° with the. 
ecliptic, and he revolves round the sun at the rate 
of about one hundred and nine thousand miles in 
an hour. Mercury's greatest elongation is 28° 20'. 

277. Venus is the brightest, most beautiful, 
and to appearance, the largest of the planets. 
Her light is distinguished from that of the other 
planets by its brilliancy and whiteness. Her 
light is in some partd of her orbit so great as to 
cause an object in a dusky place to cast a sensible 
shadow. When viewed through a telescope, 
Venus appears to haf e all .the phases of the moon 
from the crescent to the enlightened hemisphere, 
though she seldom is seen perfectly round. When 
Venus is west of the sun, as seen from the earth, 
that is, when her longitude is less than the sun's 
longitude, she rises before him in the morning,' 
and is called a morning star ; but when she is 
east of the sun, that is, when her longitude is 
greater than the sun's, she shines in the evening 
after the sun sets, and is called an evening star. 
Venus is a morning star about two hundred and 
ninety days, and she appears as the evening star 
for nearly the same length of time, though she 
performs her whole revolution round the «un, in 
two hundred and twenty-four days, and seventeen 
hours. The reason why she appears eastward 
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j>r westward of the sun for a longer time than hefr 
whole revolution is, that while Venus is going 
round the sun, the earth is going round him the 
same way, though slower than Venus; and there- 
fore the relative motion of Venus is slower than 
her absolute motion. Sometimes Venus is seen 
on the disc of the sun in the form of a dark, 
round spot. This appearance can happen but 
seldom — when Venus thus passes over the sun, 
she is said to transit that luminary. The last 
transit of Venus was in 1769, and another will 
not again occur until the year 1874. The light 
and heat which this planet receives from the sun 
are about double the quantity which the earth 
receives. The orbit of Venus makes an angle of 
3° 23' 35" with the ecliptic, and she revolves round 
the sun at the rate of upwards of eighty thousand 
miles per hour. This planet like Mercury never 
departs far from the sun, her greatest elongation 
being only 47 p 48'. She is visible only a few 
hours in the morning before the sun rises, or in 
the evening after he sets, an evident proof that 
her orbit, like thut of Mercury, is contained 
within the orbit of the earth, otherwise they 
would be. seen in opposition to the sun, or above 
the horizon at midnight. 

278. The earth is the next planet in the system. 
Its figure is a sphere depressed at the poles, and 
protuberent at the equator, having, as before ob- 
served, its equatorial diameter, about thirty-four 
miles longer than its polar diameter, or axis. 

279. The sphericity of its form is proved, by 
the circular shape of its shadow, as projected on 
the moon during an eclipse ; by the appearances 
exhibited by ships arriving from sea, or leaving 
the shore, in 'the first of which cases, the tops of 
the masts are seen long before the hull becomes 
visible, and in the other, the hull disappears first, 
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and the tops of the masts last of all; and by its 
having been frequently circumnavigated, persons 
having sailed from a certain port, easterly or 
westerly, and, keeping the same course, have ar- 
rived at the same port again; whereas, if the 
earth were a plane, this never could have 'hap- 
pened, but the longer they continued to sail in the* 
same direction, the more would the distance from 
the port of departure have increased* 

280. The axis, of the earth makes an angle of 
23° 28'., with a perpendicular to the plane of the 
ecliptic, and keeps the same oblique direction 
through its annual course ; hence it follows, that 
during one part of its course, the north pole is 
turned towards the sun, and during another part 
of its course, the. south pole is turned towards it 
in the same proportion, which is the cause of 1he 
different seasons, as spring, summer, autumn, and 
\yinter. — [Fig. 6.] 

c 281. The phenomena of the different seasons' 
of the year, will appear plainly from the foHowing 
observations. Let ABC D* represent the plane 
of the earth's annual orbit, having the sun in the 
focus F ; and let a 6, an imaginary line passing 
through the centre of the earth, be perpendicular 
to this plane ; and let the axis N S, of the earth, 
make an angle of 23° 28' with this perpendicular ; 
then, if the earth move in the direction A, B, C, 
D, in such a manner that N S may always remain 
parallel to itself, and preserve the same angle 
with a 6, it will point out the seasons of the year ; 
for, suppose a line to be drawn from the centre of 
the sun to the centre of the earth, it is evident 
that the *un will be vertical to that part of the 
earth which is cut by this line. Now, when the 
earth is in Libra the sun will appear to be in 

* See Fig. C. 



Digitized by Google 



64 



Aries y% the days and nights will be equal in 
both hemispheres, and the season a medium be- 
tween summer and winter ; the line dividing the 
dark and light hemispheres, passes through the 
two poles N and S, and, consequently, divides all 
the Parallels of latitude, as P R, into two equal 
parts ; hence, the inhabitants of the whole face of 
the earth have their days and nights equal* viz. 
twelve hours each. While the 1 earth moves from 
Libra s& to Capricorn vf , the north Pole N will 
become more and more enlightened, and the south 
pole S will be gradually involved in darkness; 
consequently, the days in the northern hemisphere 
will continue to increase in length, and in the 
southern hemisphere they will decrease in the 
same proportion, all the parallels of latitude being 
unequally divided. When the earth has arrived 
at Capricorn vf , the sun will appear to be in 
Cancer S3, it will be summer to the inhabitants of 
the northern hemisphere, and winter to those in 
the southern ; the inhabitants at the north pole, 
and within the arctic circle, will have constant 
day, and those at the south pole, and within the 
antarctic circle, will have constant night While 
the earth moves from Capricorn vf to Aries r, 
the south pole will become more and more en- 
lightened ; consequently, the days in the southern 
hemisphere will increase in length, and in the 
northern hemisphere they will decrease. When 
the earth has arrived at Aries y\ the sun will 
appear to be in Libra and the days and nigh(s 
will again be equal all over the surface of the 
earth. Again, as the earth moves from Aries V 
towards Cancer the light will gradually leave 
the north pole and proceed to the south ; when 
the earth has arrived at Cancer ss, it will be 
summer to the inhabitants in the southern hemis- 
phere, and winter to those in the northern : the 
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inhabitants of the south pole (if any) will have 
continual day, those at the north pole, constant 
night, — Lastly, while the earth moves from Can* 
cer 25 to Capricorn vf , the sua will appear to 
move from Capricorn vf to Cancer and the 
days in the northern hemisphere will be increase 
ing, while those in the southern will be diminish- 
ing in length; and while the earth moves from 
Capricorn vf to Cancer 23 ; the sun will appear 
to move from Cancer So to Capricorn vf ; the 
days in the northern hemisphere ,will then be de* 
creasing, and those in the southern hemisphere 
increasing* in all situations the equator will be 
divided into two equal parts ; consequently, the 
days and nights at the equator are always equal. 
Thus, the different seasons of the year are clearly 
accounted for by the inclination of the earth's 
axis to the plane of its orbit, combined with the 
parallel motion of this axis. 

282. The motion of the sun, moon, and stars, 
from east to west every twenty-four hours, is only 
apparent, and is caused by the rotation of the 
earth on its axis from west to east in twenty-four 
hours. This motion of the earth roond its axis 
is called its diurnal or daily motion, and causes 
the regular return of day and night, and all the 
celestial appearances before mentioned. Perhaps 
the reader may think that we should be sensible 
of the diurnal rotation of the earth, if it really 
had any such motion. But it is no objection to 
the earth's rotation that we cannot perceive it. 
When we sail on smooth water we are scarcely 
sensible of the motion of the vessel, though it 
glides swiftly along. On the contrary, objects on 
the shore, which are fixed and at rest, as houses, 
trees, &c. seem to move in a direction opposite to 
that of the vessel. Much less then may we be 
able to perceive the constant and uniform motion 
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of such an immense body as the earth, which 
meets no obstacles in its way to disturb its motion. 
Besides, we are habituated to the diurnal motion 
of the earth from our birth, and therefore cannot 
be so sensible of it as we should be of a new mo- 
tion. The earth, in its annual progress round the 
sun, travels at the rate of sixty-eight thousand 
miles in an hour; and by its diurnal revolution, 
the inhabitants of the equator are carried round 
its axis one thousand and forty-two miles in an 
hour. 

. 283. The moon, being the nearest celestial 
body to the earth, and, next to the sun, the most 
resplendent in appearance, has excited the atten- 
tion of astronomers in all ages. 

284. The lunar month is of two sorts. First, 
periodical, or the time in which the moon finishes 
her course round the earth, and consists of twenty- 
seven days, seven hours, forty-three minutes, 
five seconds. Second, synodical, or the time 
elapsed from new moon to new moon, and con- 
sists of twenty-nine days, twelve hours, forty-four 
minutes, three seconds. 

285. If the earth had no revolution round the 
sun, or the sun had no apparent motion in the 
ecliptic, the periodical and synodical month would 
be the same ; but as this is not the case, the moon 
takes up a longer time to pass from one conjunc- 
tion to the next, than to describe its whole orbit ; 
or, the time between one new moon and the next 
is longer than the moon's periodical time. The 
moon revolves around the earth from west to 
east, and the sun apparently follows the same 
course. Now, at the new moon, or when the sun 
and moon are in conjunction, they both set out 
from the same place, to move the same way . 
round the earth ; but the moon moves much faster 
than the sun, and consequently will overtake it, 
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and then there will be another conjunction, or' 
new moon. If the son had no apparent motion 
in the ecliptic, the moon would reach the point of 
conjunction again, after it had gone once round in 
its orbit ; but as the sun moves on in the ecliptic 
whilst the moon is going round, the moon must 
move a little more than once round before it comes 
into- conjunction — Hence it is that the time be- 
tween one conjunction, and the next in succession, 
is something tnore than the time which the moon 
takes in going once through its orbit ; and this is 
the reason why a synodical month is longer than 
a periodical one. 

286. The orbit of the moon is nearly elliptical, 
having the earth in one of its foci. The eccen- 
tricity of the ellipsis is very variable, the moon's 
motions being disturbed by the action of the sun, 
are subject to many irregularities. 

287. The orbit of the moon is inclined to the 
ecliptic in an angle which is variable from 5°, to 
5° 18', consequently is inclined in an angle of 5° 
9' at a medium. The motion of the moon's nodes, 
or points where her orbit intersects the orbit of 
the earth, is westward, or contrary to the order 
of the signs ; this motion is also irregular, but 
by comparing together a great number of distant 
observations, the mean annual retrograde motion 
is found to be about 19° 19' 44", so that the nodes 
make a complete retrograde revolution from any 
point of the ecliptic to the same point again in 
about eighteen years, two hundred twenty-eight 
days, and six hours. 

288. The axis of the moon is almost perpen- 
dicular to the plane of the ecliptic; the angle 
being 88° 17', consequently it has little or no va- 
riation of seasons. 

289. The moon turns on its axis from con- 
junction to conjunction with the sun, in twenty-* 
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nine days, twelve hours, forty-four minutes, three 
seconds, which is exactly the time it takes to go 
round its orbit from new moon to new moon ; it 
therefore has the same side constantly turned to- 
wards the earth. This is subject however to a 
small variation, called, The libration of the moon, 
so that it turns a little more of the one side of its 
face towards the earth, and sometimes a little 
more of the other, arising from its uniform motion 
on its axis, and unequal motion in its orbit ; this 
is called its libration in longitude. 

290. The moon likewise appears to have a va- 
cillating motion, which presents to our view 
sometimes more, and sometimes less of the spots 
on its surface towards each pole ; this arises from 
the axis of the moon making an angle of about 
1° 43' with a perpendicular to the plane of the 
ecliptic ; and, as this axis maintains its parallel- 
ism during the moon's revolution round the earth, 
it must necessarily change its situation- to an ob- 
server on the earth; — this' is called the moon*s 
libration in latitude. 

291. While the moon revolves round the earth 
in an elliptical orbit, it likewise accompanies the 
earth in its elliptical orbit round the sun ; by this 
compound motion its path is every where concave 
towards the sun. 

292. The moon like the planets shines entirely 
by light received from the sun, a part of which is 
reflected to the earth. As the sun can enlighten 
only one half of a spherical surface at once, it 
follows, that according to the situation of an ob- 
server, with respect to the illuminated part of the 
moon, he will see more or less of the light re- 
flected from its surface. At the conjunction or 
time of new moon, the moon is between the earth 
and the sun, and consequently that side of the 
moon which is never Been from the earth is ea* 
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lightened by the sun, and that side, which is con* 
stantly turned towards the earth, is in total dark- 
ness, except the light which is reflected from the 
earth, and which we do not then perceive. Nor, 
as the mean motion of the moon in its orbit ex* 
ceeds the apparent motion of the sun by about 12° 
1 V in a day, it follows that it may be seen, in clear 
weather, about two days after the conjunction ; it 
will be seen in the evening a little to the east of 
the sun, after he has descended below the western 
part of the horizon. The convex part of the moon 
will be towards the west, and the horns or cusps 
pointing to the east, or if the observer live in 
north latitude, the horns will appear to the left 
hand. As the moon continues her motion east- 
ward, a greater part of the surface becomes en- 
lightened, and when 90° eastward of the sun, 
which will happen in about seven days and eight 
hours from the new moon, she will come to the 
meridian at six o'clock in the evening, having the 
appearance of a bright semicircle, being what ia 
commonly called a half moon. Advancing still 
eastwardly, she will become more enlightened to- 
wards the earth, and at the end of about fourteen 
and a half days, she will come to the meridian at 
midnight, being diametrically opposite to the sun, 
and consequently will appear a complete circle, 
or be full. The earth is now between the sun 
and the moon, and that half of her surface which 
is constantly turned towards the earth is wholly 
illuminated by the direct rays of the sun, while 
the other half is involved in darkness. The 
moon continuing her progress eastward, becomes 
deficient on her western edge, and in about seven 
and a third days from the full moon, she is again 
within 90° of the sun, and appears a semicircle 
with the convex side towards the sun; moving 
still onward, in the same direction, the deficiency 
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on her western edge becomes greater, and she ap- 
pears a crescent, with the convex side turned to- 
wards the east, and her cusps or horns towards 
the west, and in about fourteen and a half days 
from the full moon she has again overtaken the 
sun, this revolution being performed in twenty- 
nine days, twelve hours, forty-four minutes, and 
three seconds. Hence, from the new to the full 
moon, the phases are horned, half moon, and gib- 
bous ; and as the convex, or well defined side of 
the moon, is always turned towards the sun, the 
horns or irregular side will always appear to the 
east, or on the left hand of the spectator in north 
latitude* From the full moon to the next conjunc- 
tion, the phases are gibbous, half mooned, and 
horned ; the convex side of her face will appear 
to the east, and the horns or irregular side to the 
west, or on the right hand of a spectator in north 
latitude* 

293. As the full moons always happen when 
the moon is directly opposite to the sun, all the 
full moons in our winter happen when the moon 
is north of the equinoctial. The moon, while she 
passes from Aries, to Libra, will be visible at the 
north pole ; and invisible in her passage from Libra 
to Aries ; consequently, at the north pole, there 
is, a fortnight's moonlight, and darkness, by turns. 
The same phenomena will happen at the south 
pole during the sun's absence in our summer. 

294. If the earth, moon, and sun, were all in 
the same plane, there would be an eclipse of the 
sun at every new moon, for then the moon is be- 
tween the earth and the sun ; and there would be 
an eclipse of the moon at every full moon, at 
which time the earth is between the sun and the 
moon. But as the orbit of the moon crosses the 
orbit of the earth or the ecliptic, in two opposite 
points, called nodes, it is evident that the moon 
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is never in the ecliptic, except she is in one of 
these nodes ; at all other times she is above or 
below the orbit of the earth, and though the moon 
crosses these nodes every month, yet, if there 
should not be a new or full moon near, or at that 
time, there will be no eclipse. 

295. The moon's distance from the earth is 
stated in round numbers at two hundred and forty 
thousand miles from the centre of the earth — her 
mean distance is calculated to be two hundred 
thirty-six thousand, eight hundred and forty* 
seven — her diameter at two thousand one hundred 
and forty-four miles, and her magnitude about 
one fiftieth of the magnitude of the earth. She 
travels at the rate of two thousand two hundred 
and seventy miles in an hour, round the earth, 
besides attending the earth in its annual journey 
round the sun. 

296. Reasoning from observation and analogy, 
we suppose that the moon is a habitable globe. 
Her surface appears to be variegated with moun- 
tains and vallies, plains and oceans, so that we 
may apply the term terraqueous to that sphere, 
as well as to the earth, or any other of the pri- 
mary planets of our system. 

297. As the moon illuminates the earth by a 
light reflected from the sun, she is reciprocally 
enlightened, but in a much greater degree, by the 
earth, whose surface is about thirteen times greater 
than that of the moon. If we suppose the reflecting 
powers of both surfaces to be equal, the earth will 
reflect thirteen times more light to the moon, 
than is received from it. Our earth exhibits the 
same phases to the moon, that she does to the 
earth. To the inhabitants of the moon the earth 
appears to be the largest body in the universe ; 
or about thirteen times as large to them, as the 
moon appears to us.- 
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298. Mars appears of a dusky rea colour, 
and though sometimes apparently as large as 
Venus, he never shines with so brilliant a light. 
This being the first planet beyond the orbit of the 
Earth, he exhibits to the spectator appearances 
different from Mercury and Venus. He is some- 
times in conjunction with the sun, but was never 
known to transit his disc ; and sometimes he ap- 
pears directly opposite to the sun, and is seen in 
the meridian at midnight. These appearances 
clearly show that Mars moves in an orbit more 
distant from the sun than that of the earth. 
Mars revolves on his axis in twenty-four hours 
and forty minutes; and his polar diameter is 
to its equatorial, as fifteen to sixteen. The in- 
clination of his orbit to the plane of the eclip- 
tic, is 1° 51', the place of his ascending node 
being about 18° in Taurus. This planet tra- 
vels round the sun at the rate of fifty-five thou- 
sand two hundred and twenty-three miles per 
hour. 

299. The planets, or asteroids, whose orbits are 
included between those of Mars and Jupiter, were 
discovered in the following order. 

300. 1. Ceres. On the 1st of January, 1601, M. 
Piazzi, astronomer royal, at Palermo, discovered 
a new planet between the orbits of .Mars and 
Jupiter, generally called Ceres Ferdinandia from 
the island in which it was discovered ; and Fer- 
dinand the fourth, King of the twojSicilies. The 
elements of the theory of this planet arc imper- 
fectly known. It appears like a star of the eighth 
magnitude, and consequently is invisible to the 
naked eye.* 

r 301. 2. Pallas was discovered by Dr. Olbers, of 
Bremen, March 28, 1802.f 

■ 

*" See Table, page 60. t Ibid. 
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302. 3. Jnno Was discovered September 1st; 
1 804, by M. Harding, of Lilienthal, in the duchy of 
Bremen. 

303. 4. On the 29th of March, 1 807, Dr. Olbers 
discovered a fourth new planet, called Vesta. Its 
size appears like a star of the fifth magnitude. 

304. Jupiter is the largest of all the planets, 
and, notwithstanding his great distance from the 
sun and the earth, he appears to the naked eye 
almost as large as Venus, though his light is less 
brilliant. Jupiter, when in opposition to the sun, 
is much nearer to the earth, than he* is a little 
before and after his conjunction with the sun; 
hence, at the time of opposition, he appears larger 
and more luminous than at other times. When 
the longitude of Jupiter is less than that of the 
sun, he will be a morning star, and appear in the 
east oefore the sun rises; but when his longitude 
is greater than the sun's, he will appear in the west 
after the sun sets. 

305. Jupiter revolves on his axis in nine hours, 
fifty-six minutes, which is the length of his day ; 
but as his axis is nearly perpendicular to the plane 
6f his orbit, he has no diversity of seasons. This 
planet is surrounded by faint substances called 
belts or zones, which, from their frequent change 
in number and situation, are supposed to consist 
of clouds. 

306. The inclination of the orbit of Jupiter to 
the plane of the ecliptic, is 1 0 18' 56", and the 
place of his ascending node, is 8° in Cancer. He 
moves in his orbit at the rate of twenty-nine thou- 
sand eight hundred and ninety-four miles per 
hour. On account of the great magnitude of 
Jupiter, and his rapid rotation on his axis, he is 
more flattened at the poles, than the earth. 

307. Jupiter is attended by four satellites or 
moons, each of which revolves round him in the 
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game manner as the moon revolves around our 
earth. The times of their periodical revolutions 
round their primary planet, and their respective 
distances from his centre, are given in the follow- 
ing table, 

Distance fromWistance fro?n 

Jupiter in semi Jupiter in En- 



Satellites. 

I. 
II. 
III. 
IV. 



Periodical revolution* 

D. H. M. S. 

1 13 27 33 

3 13 13 42 

7 3 42 33 

16 16 22 18 



diameters. 

6 67 

9 00 
14 38 
25 30 



glish miles. 

252>511 
400,810 
640,406 
1,126,723 



308. 



The satellites of Jupiter are invisible to 
the naked eye. They were discovered by Galileo, 
the inventor of telescopes, in the year 1610. This 
was an important discovery ; for as the satellites 
revolve around Jupiter in the same direction in 
which he revolves round the sun, they are fre- 
quently eclipsed by his shadow, and afford - an 
excellent method of finding the true longitude of 
places on land. To these eclipses we also owe 
the discovery of the progressive motion of light, 
which is found to travel from the sun to the earth, 
in eight minutes, thirteen seconds. 

309. The first of Jupiter's satellites is the most 
important, on account of its numerous eclipses. 
The times of the eclipses of the satellites of Jupi- 
ter are calculated for the meridian of Greenwich, 
and inserted in the third page of (he Nautical 
Almanack for every month, and their configura- 
tion, or appearances with respect to Jupiter, are 
to be found in the twelfth page of the same 
work. As the earth turns on its axis at the rate 
of fifteen degrees in an hour, or one degree in 
four minutes of time, a person, one -degree west- 
ward of Greenwich, will observe the emersion or 
immersion of any one of the four satellites of 
Jupiter four minutes later than the time mentioned 
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in the Nautical Almanack ; and if he be one de- 
gree eastward of Greenwich, he will see the 
eclipse four minutes sooner than the time at Green- 
wich. These eclipses must be observed with a 
good telescope, aud a pendulum clock that beats 
seconds or half seconds. 

310. Saturn shines with a pale, feeble light, 
being the farthest from the sun of any planet that 
is distinctly visible without the aid of a telescope. 
His disc is crossed by zones or belts like those of 
Jupiter. The inclination of the orbit of Saturn 
to the ecliptic is about 2° 29' 50", and the place 
of his ascending node, about 21° in Cancer. Sat- 
urn proceeds in his orbit, at the rate of twenty- 
two thousand and seventy^two miles per hour. 
The equatorial diameter of Saturn is to the polar 
diameter as eleven to ten. Saturn is attended 
by seven satellites. 

31 1. The ring of Saturn is a broad and opaque 
circular arch, surrounding the body of the planet, 
without touching it, like the wooden horizon of 
an artificial globe. Dr. Herschel says that this 
ring is really composed of two concentric rings. 
The breadth of the ring is about twenty-one 
thousand miles, and the space between it arid the 
body of the planet is supposed to be equal to its 
breadth. Of its use to the inhabitants of Saturn, 
we are ignorant, though the most probable con- 
jecture is, that it reflects the light of the sun, and 
assists in illuminating and warming that distaut 
planet. 

312. The ring of Saturn revolves round the 
axis of Saturn, and in a plane coincident with the 
plane of his equator, in ten hours, thirty-two min- 
utes, five and a quarter seconds. The ring being 
a circle, appears elliptical, from its oblique posi- 
tion; and it appears most open when Saturn's 
longitude is about 2 signs 17 degrees, or 8 signs 
7 degrees. 
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313. Herschel,or the Georgium Sidus, is the 
remotest of all the knbwn planets belonging to the 
solar system, and was discovered by Dr. Herchel, 
at Bath, in England, on the 13th of March, 1781 « 
This planet is called Ournaus by the Royal 
Prussian Academy, and by some others, because 
the other planets are named from such of the 
heathen Deities as were relatives. This planet, 
when viewed through a* telescope of small magni- 
fying power, appears like a star of between the 
sixth and seventh magnitude. It may be seen 
by a good eye without a telescope, in a fine clear 
night when the moon is not above the horizon. 
The Georgium Sidus is attended by six satellites, 
which were all discovered by Dr. Herschel. 
Their orbits are said to be nearly perpendicular 
to the ecliptic, and what is still more singular, 
their revolutions are performed round their pri- 
mary, in a retrograde order, or contrary to the 
order of the signs. 

314. Though the primary planets already de- 
scribed, and their satellites, are considered as the 
regular bodies which form the solar system, yet 
that system is sometimes visited by other bodies 
called Comets, which are supposed to move rountf^ 
the sun in elliptical, and very eccentric orbits, so 
that they become invisible in their aphelion. 
Their theory is very imperfect. Sir Isaac New- 
ton observes that comets are compact, solid, and 
durable bodies, which move in very oblique and 
eccentric orbits, with the greatest freedom, and 
preserve their motions for an exceeding long time, 
even when moving contrary to the course "of the 
planets. Their tail is a very subtle, attenuated 
vapour, emitted by the head or nucleus of the 
comet, ignited or intensely heated by the sun. 
This tail is always opposite to the sun, and when 
seen in different directions from the earth, givps 
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different appearances and names to the same 
comet. Comets are very numerous — upwards of 
four hundred and fifty are supposed to have vis* 
ited, or to belong to our system. 

315. Concerning eclipses of the 6un and moon, 
it may be further observed.* The dark part of 
the moon's shadow is called the umbra, and the 
lighter part the penumbra. Eclipses are, under 
particular circumstances of situation to a spectator 
on the earth, invisible, visible, partial, annular, and 
total. 

316. An eclipse of the sun begins on the west- 
ern side of the disc, and ends on the eastern ; and 
an eclipse of the moon begins on the eastern side 
of her disc, and ends on the western. 

317. The average number of eclipses hi a year 
is four, two of the sun, and two of the moon ; and 
as the sun and moon are as long below the earth 
as they are above it, the average number of visible 
eclipses in a year is two, one of the sun, and one 
of the moon. The lunar eclipse frequently hap- 
pens a fortnight after the solar one, or the solar 
one a fortnight after the lunar one. The most 
general number of eclipses in any year is four ; 
there are sometimes six eclipses in a year, but 
there cannot be more than seven, nor less than 
two. 

318. The ecliptic limits of the sun are greater 
than those of the moon ; and hence there will be 
more solar than lunar eclipses, in nearly the ratio 
of three to two ; but more lunar than solar eclipses 
are visible, because a lunar eclipse is visible to a 
whole hemisphere at once ; whereas a solar eclipse 
is visible only to a part of a hemisphere. 

319. A tide is that motion of the water in the 
seas and rivers by which they are found to rise 

- 

* Vide Definitions, 229, 230. 

8 
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and fall in a regular succession, and this flowing 
and ebbing is caused by the attraction of the sun 
and moon. They ebb and flow twice in twenty- 
four hours. 

320. The parts of the earth directly under the 
moon, or when the moon is in their zenith, and 
those diametrically opposite to them, or under the 
nadir, will have high water at the same time. 

321. Those parts of the earth which are 90° 
from the places which have the moon in the ze- 
nith, have at the same time ebb, or low water* 

322. The tides are greater than ordinary twice 
in every month, viz. at the times of the new and 
full moon ; and these are called spring tides. 

323. The tides are less than ordinary twice in 
every month, that is, about the time of the first 
and last quarters of the moon ; and these are 
called neap tides. 

324. When the moon is nearest to the earth, 
the tides increase more in similar circumstances 
than at other times. 

325 The spring tides are greatec a short time 
before the vernal equinox, and after the autumnal 
equinox, than at any other time in the year. 

326. Lakes are not subject to tides, and small 
inland seas are also little affected by them ; they 
are also inconsiderable in high northern or south- 
ern latitudes. 

327. The time of the tides, happening in par- 
ticular places, and their height, may be very 
different, according to the situation of those 
places. For the motion of the tides is propagated 
swifter in the open sea, and slower through chan- 
nels or shallow places ; and being retarded by 
such impediments, the tides cannot rise so high 
as where the waters have free vand ample liberty 
of action. 
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328. The morning tides differ generally in 
their rise from the evening tide* In winter the 
morning tides are highest, and -in summer the 
evening tides. The new and full moon spring 
tides rise to different heights. The tides follow 
the course of the moon, i. e. from east to west, 
where they meet with no impediment. 

329. Theory of tides* The earth is demonstrably 
within the sphere of the attraction of the sun and 
moon* Were the terraqueous globe entirely free 
from their influence, the ocean, being equally 
attracted an all sides towards the centre, would 
continue in a state of perfect stagnation, and 
would neither ebb nor flow* But as the case is 
otherwise it must be affected by the attraction 
of the two great luminaries, and rise higher in 
those places where its gravity, or tendency to the 
centre of the earth, is most diminished* This 
being premised, let us consider the globe of the 
earth, as covered with a deep sea ; it will then 
follow that by the yielding of the fluid to the lunar 
attraction, the earth will assume the form of a 
spheroid, whose longest diameter, if prolonged, 
would pass through the moon ; that is, wherever 
the moon is vertical, she will not only raise the 
water under her towards the zenith, but also at 
the same time in the nadir or opposite point. 
She raises the water in the former, because the 
fluid there is nearly four thousand miles nearer to 
her attractive power, than to the centre of the 
earth ; it therefore gravitates less, and becomes 
lighter than in those parts which may be described 
as lying in a line passing through the centre of 
the world at right angles, with one supposed to 
be drawn perpendicularly to it from the zenith, 
as A D;* the waters of course press towards 

* See Fig. 5. 
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the zenith, or part under the moon, where they 
form an accumulation or swell of the sea. Now, 
as the earth and waters gravitate towards the 
moon, it will follow that the parts of water nearer 
to the moon than the earth, will rise into the 
zenith, whereas the parts of the water that are 
farther from the moon than the earth, will be 
less attracted, and flow into the nadir ; by which 
means tides are raised in the zenith and nadir at 
the same time. 

330. Demonstration. Because the power of 
gravity decreases as the squares of the distances 
increase.* Suppose the earth to be entirely 
covered with a fluid as A 6 Z, C D, Q N, and 
the sun and moon to have no effect upon them, it 
is evident that all the particles, being equally 
attracted towards the centre of the earth O, would 
form an exact spherical surface, except that by 
the revolution of the earth on its axis; the attrac- 
tion from B towards O, and from O to the oppo- 
site point, being the equatorial parts, would be a 
little diminished by the centrifugal force. Let 
the moon at M now exert her influence on the 
water ; then, because the power of attraction 
decreases as the squares of the distance increase, 
those parts will be most attracted which are near- 
est to the moon, and their tendency towards O 
will be diminished ; the waters at Z B will there- 
fore rise, and at Z, which is nearest the moon, 
they will be highest. At the same time the 
waters in the nadir at N are elevated in a similar 
manner. The waters at A B Z C D, being more 
attracted by the moon than the central parts at O, 
and the central parts more attracted then the sur- 
face at N, the opposite part of (he earth, the dis- 
tance between the centre of the earth, and the 

* Sec Fig. 5. 
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surface of the water under the zenith and nadir 
will be increased. For let three bodies Z O M 
be equally attracted by M, then it will follow, 
that they will all move equally fast towards M, 
and their mutual distances will continue the 
same, but if the bodies are unequally attracted, 
the body which is most attracted will move the • 
fastest, and its distance from the other bodies will * 
be increased. Now, by the law of gravitation 
M will attract Z more strongly than Tt does O, 
by which means the distance between Z and O 
will be increased ; in like manner O will be more 
strongly attracted than N, by which means the 
distance between O and N will be increased. 
Now suppose a number of bodies, ABZCDP 
N E, placed round O to be attracted by M, the 
parts Z and N will have their distances increased, 
while the parts at A D will not recede from each 
other, but will rather approach nearer to O, by 
the oblique attraction of M. Hence, if the whole 
earth were composed of similar bodies to A B Z 
C D F N E, and to be similarly attracted by M, 
the section of the earth, formed by a plane passing 
through the centre of the earth, and the moon 
could be a figure resembling an ellipsis, having 
its larger axis Z N, directed towards the moon, 
and its shorter axis A D in the horizon. The 
figure of the earth, therefore, would be an oblong 
spheroid, having its larger axis directed towards 
the moon ; consequently, it will be high water in 
the zenith and nadir, and low water in the hori^ 
zon, or line A D, at the same time ; and as the 
earth turns round on its axis from the moon, to* 
the moon again, in about twenty-four hours, forty- 
eight minutes, there will be two tides of flood 
and two of ebb in that time, agreeably to exge- 
rience. 

8 * 
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331. The time of high water is not precisely at 
the time of the moon's coming to the meridian, 
but about an hour after ; for the moon acts with 
some force after she has passed the meridian, and 
by that means adds to the libratory, or waving 
motion, which the waters had acquired when she 
was on the meridian. 

332. In the foregoing observations and demon- 
stration, the influence of the moon has only been 
considered. The attractive power of the sun on 
the waters is also great, but not equal to that of 
the moon. It is computed that the moon's at- 
traction on the sea is about four times as great as 
the sun's. The highest tides are occasioned by 
the combination of the solar and lunar influences, 
at the times of the new and full moon. 

333. After this imperfect survey of the heav- 
ens, and of the portion of the universe to which 
we belong, we cannot but feel the force of Dr. 
Young's assertion, " An undevout astronomer 
is mad." To the Epicureans of the Jtoman 
and Grecian schools, who taught the impious 
doctrine that creation was the production of blind 
and undesigning chance, Cicero opposed unan- 
swerable arguments drawn from ethical and phi- 
losophical observations on the natural world, and 
the phenomena which he beheld in the all-sur- 
rounding heavens. To the Atheist of the present 
day, let me earnestly recommend an attentive 
perusal of the Roman moralist's second book on 
the Nature of the Gods. " Is he," says that 
illustrious author, u worthy to be called a man, 
who attributes to chance, not to an intelligent cause, 
the constant motions of the celestial bodies ; the 
regular courses of the stars; the agreeable pro- 
portion and connexion of all things, conducted tvith 
so much reason, that our reason itself is lost in the 
inquiry ? Whea we see various machines moving 
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artificially, do we doubt whether tbey are the pro- 
ductions of reason? And when we behold the 
heavens moving with a prodigious celerity, and 
causing an annual succession of the different sea- 
sons of the year, which vivify and preserve all 
things, can we doubt that this world is directed, 
I will not say only by reason, but by reason most 
excellent and divine. For, in short, there is 
no need to seek after proofs ; — we need only con- 
template the beauty of those objects, which, we 
assert, are created and organized by a Divine 
Providence." 
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PROBLEMS, &c. 



Phe skeleton of a plain chart, which I have in* 
troduced in this work, is designed to render the 
various circles, parallels, zones, &c. familiar to 
, learners, by inspection. It will also be an easy, 
instructive, and entertaining exercise, to lay down 
places on it accprding to their situation on the 
globe. By frequently performing the following 
problems, the young geographer will not only ac- 
quire an accurate knowledge of the relative sites- 
of different countries, cities, &c. and of the dis- 
tances between them, but he will, by filling up bis- 
skeleton map, have the pleasure of seeing them 
delineated on a production of his own ingenuity 
and labour. This map comprises the degrees of 
longitude as high as 90, on each side of the first 
meridian, and all the degrees of latitude, from pole 
to pole. 

problem i. (For the Skeleton map.) 

The latitude and longitude of a place being given, 
to lay it down on the skeleton map. 

Rule. Lay a ruler across the map, on the de- 
gree of given latitude found in one of the sides, 
then, from the nearest meridian to the given lon- 
gitude, set off with the compasses as many degrees 
from that meridian, as the longitude* is over the 
number of degrees through which the meridian 
runs, keeping the compasses close to the ruler — 
then, one foot being on the meridian line, under 
the other foot will be the situation required. — 
The odd degrees may be taken from the scale. 



■ 
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Thus, I wish to lay down the city of Peters- 
burgh. On looking into the table, I find its lati- 
tude to be 59° 56' north, and its longitude 30° 19' 
east. I lay a ruler across the map just under the 
figure 60 in the side of the map, and in north 
latitude. On observing the top of the map, I see 
a meridian line running through the 30th° of east 
longitude, consequently the place of Petersburgh 
is close to the point where the meridian and the ru- 
ler intersect each other. If the longitude had been 
in any number of degrees between 30 and 40, for 
instance 35°, I should have extended my com- 
passes 5 degrees taken from the scale, and setting 
one foot of them in the meridian 30 close to the ' 
ruler's edge, the other foot kept also close to the 
edge of the ruler, would have shewn the point of 
situation. This example will serve for any other 
place, always observing to take the nearest me- 
ridian whose number is less than the longitude 
given. 

PROBLEM II. 

The latitude and longitude of a place being given, 
to find it on a map, on a plain, or mercator's 
projection* 

Rule. Lay a ruler across the given latitude - % 
observe in the top of the map the nearest merid- 
ian to the given longitude. If a meridian run 
through the given degree, the place will be found 
in the point where the meridian and ruler inter- 
sect each other. Thus Petersburgh having 30 Q 
19' of longitude, and 59° 56' latitude, it will be 
seen just in the point of intersection. If the lon- 
gitude had been 34°, the 4° should have been taken 
from the scale, then one foot being set close to the 
edge of the ruler on the meridian at 30°, the other 
would have extended to the distance required. 



Digitized by 



86 

PROBLEM III* 

To find the latitude and longitude of a place, on a 
plain, or mercator^s chart or map. 

Rule. Lay a ruler over the place, directly 
across the map, and you will find its latitude in 
degrees and minutes in the side row of figures - r 
then lay the ruler over the place, up and down the 
map, and in the top or bottom row of figures, or 
on the equator, you will find the longitude. 

To solve the foregoing problem on a map, on a 
globular projection— observe, 

To find the latitude of a place, measure its dis- 
tance from the nearest parallel of latitude, with 
the compasses, if in north latitude from the next 
parallel below, in south latitude above it — then 
from the termination of that parallel in the side 
row of figures, measure, with the same extent, the 
number of degrees from it, which, added to the 
number of degrees at the termination of the par- 
allel, will give the latitude required. Then, with 
the compasses, measure the distance of the place 
from the nearest meridian, to the left, if in east ; 
and to the right, if in west longitude, and see on 
the scale, or any graduated circle, how many de- 
grees that extent of compasses includes — that num- 
ber of degrees added to the number of degrees 
through which the meridian passes will give the 
longitude required. 

PROBLEM IV. 

To find the distance between two places on a map. 

Set one foot of the compasses- on one of the 
places, and extend the other foot until it reach 
the second given place — apply the compasses, 
with this extent, to any scale of degrees on the 
map, and the number of degrees included between 
the feet of the compasses, multiplied by 60, will 
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give the distance in geographical, or by 69 J in 
English miles: on some maps there are scales of 
miles, convenient for use without calculation. If 
the places be too far apart for the feet of the com- 
passes to reach them, a piece of string or narrow 
tape, extended from the one to the other, and 
then applied to the scale on the equator, or any 
other extensive scale, will shew the distance in 
degrees. 

TROBLEM V.* 

The difference of longitude between two places 
being given^ to find the difference of time at any 
given hour. 

Rule. Multiply the difference by 4, and divide 
the product by 60* 

The sun passes through 4 degrees of longitude 
in 1 minute of time. 

Required the time at Petersburgh, London, 
Paris, Calcutta, and the most westerly part of 
South America, when it is noon at Boston. 

Boston U« W. 
Petersburgh 30° £. 



101 difference. 
4 

60|404 1 6b.44°. 
360 

44 

Petersburgh being east of Boston, the time at 
that place is past noon* If the problem be re- 
versed, the time at Boston will be before noon. 

N. B. If the longitudes be of different names, 
and when added together produce a larger sum 
than 180°, deduct that sum from 360° and proceed 
with the remainder for the true difference — for 
instance, 

* To find the difference of longitude between two places, 
see problem VIII. page 92. 
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The long, of Boston is 71 W. 

Canton 11* E. 

183 360 

183 

177 
4 

60|7O8j llh. 48» 
60 

108 
60 

48 

Problems performed by the Terrestrial Globe* 

PROBLEM I. 

To find the latitude of any given place* 

Rule. 6ring the given place to that part of the 
brass meridian which is numbered from the equa- 
tor towards the poles ; the degree above the place 
is the latitude* If the place be on the north side 
of the equator, the latitude is north ; if it be on 
the south side, the latitude is south. 

On small globes the latitude of a place cannot 
be found nearer than to about a quarter of a de- 
gree. Each degree of the brass meridian on the 
largest globes is generally divided into three equal 
parts, each part containing twenty geographical 
miles ; on such globes the latitude may be found 
to 10'. 

Examples. 1. What is the latitude of Edinburgh? 
Answer* 56° north, 

2. Required the latitude of the following 
places ; 

Amsterdam Florence Philadelphia 
Archangel Gibraltar Quebec 
Barcelona Hamburgh Rio Janeiro 
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PROBLEM It. 

To Jind all those places which have the same lati- 
tude as any given place. 

Rule. Bring the given place to that part of the 
brass meridian which is numbered from the equa- 
tor towards the poles, and observe its latitude ; 
turn the globe round, and all places passing under 
the observed latitude are those required. 

Example. What places have the same or nearly 
the same latitude as Madrid ? 

Answer. Minorca, Naples, Constantinople, Sa- 
marcand, Philadelphia, &c. 

PROBLEM III. 

To Jind the longitude of any place. 

Rule. Bring the given place to the brass me- 
ridian, the number of degrees on the equator, 
reckoning from the meridian passing through 
London to the brass meridian, is the longitude. 
If the place lie to the right hand of the meridian 
passing through London, the longitude is east ; 
if to the left hand, the longitude is west. 

Examples. 1. What is the longitude of Peters- 
burgh ? 

Answer. 301° east. 

2. What is the longitude of Philadelphia ? 
Answer. lh\° west. 

3. Required the longitude of the following 
places : 

Aberdeen Civita Vecchia Lisbon 
Alexandria Constantinople Madras 

4. What is the greatest longitude a place can 
have? 

9 
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PROBLEM IV. 

To find all those places that have the same longi- 
tude as a given place. 

Rule. Bring the given place to the brass me- 
rich an, then all places under the same edge of 
the meridian from pole to pole have the same 
longitude. 

All people situated under the same meridian, 
from 66° 28' north latitude to 66° 28' south lati- 
tude, have noon at the same time ; or, if it be one, 
two, three, or any number of hours before or af- 
ter noon with one particular place, it will be the 
same hour with every other place situated under 
the same meridian. 

Examples. 1. What places have the same, or 
nearly the same longitude as Stockholm ? 

Answer. Dantzic, Presburgh, Tarento, the Cape 
of Good Hope, &c. 

2. What places have the same longitude as 
Alexandria ? 

3. When it is ten o'clock in the evening at 
London, what inhabitants of the earth have the 
same hour? 

PROBLEM V. 

To find the latitude and longitude tof any place. 

Rule. Bring the given place to that part of 
the brass meridian which is numbered from the 
equator towards the poles ; the degree above the 
place is the latitude, and the degree on the equa- 
tor, cut by the brass meridian, is the longitude. 

This problem is only an exercise of the first 
and third. 

Examples. 1. What are the latitude and longi- 
tude of St. Petersburg!)? 

Answer. Latitude 60° N. longitude 301° E. 
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2. Required the latitudes and longitudes of the 
following places : 

Acapulco Cusco Leith 

Aleppo Copenhagen Lizard Point. 

Algiers Durazzo Lubec 

PROBLEM VI. 

To Jind any place on the globe, having the lati- 
tude and longitude of that place given. 

Rule. Find the longitude of the given place 
on the equator, and bring it to that part of the 
brass meridian which is numbered from the equa- 
tor towards the poles ; than, under the given lati- 
tude, on the brass meridian, you will find the 
place required. 

Examples. 1. What place has 151 J° east longi- 
tude, and 34° south latitude. 

Answer. Botany Bay. 

2. What places have the following latitudes and 
longitudes ? 

Latitude*. Longitudes. Latitudes. Longitudes. 

50° 6' IV. 5 Q 54' W. 19° 26' N. 100« 6' W. 

48 12 N. 16 !6 E. 69 56 N. AO 19 K. 

*5 58,N. 3 12 W. 0 13 S. 77 55 W. 

m 

PROBLEM VII. 

To Jind the difference of latitude between any two 

places. 

Rule. Find the latitudes of both the places (by 
Prob. I.) Then, if the latitudes be both north 
or both south, subtract the less latitude from the 
greater, and the remainder will be the difference 
of latitude : but, if the latitudes be one north and 
the other south, add them together, and their sum 
will be the difference of latitude. 

Examples. 1. What is the difference of latitude 
between Philadelphia and St. Petersburg!) ? 
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Answer. 20 degrees* 

2. What is the difference of latitude between 
Madrid and Buenos Ayres ? 

Answer. 75 degrees. 

3. Required the difference of latitude between 
the .following places : 

London and Rome* Alexandria and thq Cape 
Delhi & Cape Comorin. pf Good Hope, 
Vera Cruz and Cape Pekin and Lima. 
Horn. 

4. What two places on the globe have the 
greatest difference of latitude ? 

PROBLEM VIII. 

To find the difference of longitude between any 

two places. 

Rule. Find the longitudes of both the places 
(by Prob. III.) then, if the longitudes be both 
east or both west, subtract the less longitude 
from the greater, and the remainder will be the 
difference of longitude : but, if the longitudes be 
one east and the other west, add them together, 
and their sum will be the difference of longitude. 

When this sum exceeds 180 degrees, take it 
from 360, and the remainder will be the differ- 
ence of longitude. 

Examples. 1. What is the difference of longi- 
tude between Barbadoes and Cape Verd ? 

Answer. 41° 48' 

2. What is the difference of longitude between 
Buenos Ayres and the Cape of Good Hope ? 

Answer. 76° 50'. 

3. Required the difference of longitude be- 
tween the following places. 

Vera Cruz & Canton. Constantinople & Batavia., 
Bergen and Bombay. Bermudas Island and Isl- 
Columbo and Mexico. and of Rhodes. 
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4. What is the greatest difference of longitude 
comprehended between two places ? 

PROBLEM IX. 

To find the distance between any two place*. 

Rule. The shortest distance between any two 
places on the earth, is an arch of a great circle 
contained between the two places. Therefore, 
lay the graduated edge of the quadrant of altitude 
over the two places, so that the division marked 
0 may be one of the places, the degrees on 
the quadrant comprehended between the two 
places will give their distance ; and if these de- 
grees be multiplied by 60, the product will give 
the distance in geographical miles ; or multiply 
the degrees by 69 i, and the product wHl give the 
distance in English miles. 

Or, Take the distance between the two places 
with a pair of compasses, and apply that distance 
to the equator, whidh will shew how many de- 
grees it contains. 

If the distance between the two places should 
exceed the length of the quadrant, stretch a piece 
of thread over the two places, and mark their 
distance; the extent of thread between these 
marks, applied to the equator, from the meridian 
of London, will shew the number of degrees be- 
tween the two places. 



9 * 
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A Table of the number of Geographical and En- 
glish miles which make a degree in any given 
parallel of latitude.* 



Deg.iGeog. 


English Deg. 


\Gcog. \ English 


Deg.Ge.og. 


1 ElMT. 
o 




»'/ uts. 


If:;,,. 


1 1 All. 


\ytittes . 


Mil** 




LU 8. 


Jlfilts, 


(T 


60,00 


69,07 


31 


51,43 




j 61 


29,09 


33, 4o 


1 


59,99 


69,06 


32 


50,88 


58,51 


. 62 


28,17 


32,40 


2 


59,96 


69,03 


32 


50,32 


57,87 


63 


27,24 


«> !,<_>•> 


3 


59,92 


68,97 
68,90 


34 


49,74 


57,20 


64 


26,30 


30,24 


4 


59,85 


35 


49,15 


56,51 


65 


25,36 


29,15 


5 


59,77 


68,81 


36 


48,54 


55,81 


66 


24,40 


28,0b 
26,96 


6 


59,67 


68,62 


37 


47,92 


55,10 


67 


23,45 


7 


59,55 


68,48 


33 


47,28 


54,37 


68 


22,48 


2^>,3^> 


8 


59,42 


68,31 


39 


46,63 


53,62 


: 69 


21,51 


T> * met 

24,73 


9 


59,26 


68,15 


40 


45,90 


52,85 


70 


20,52 


23,60 


10 


59,09 


67,95 


41 


45,28 


52,07 


71 


19,53 


22,47 


11 


58,39 


67,73 


42 


44,59 


51,27 


72 


18,54 


21,32 


12 


58,69 


67,48 


43 


43,88 


Pf\ At* 

50,46 


73 


17,54 


20,17 


13 


58,46 


67,21 


44 


43,16 


49,63 


74 


16,54 


19,02 


14 


58,22 


66,95 


45 


42,43 


48,78 


75 


15,53 


t m of* 

17,36 


15 


57,95 


66,65 


46 


41,68 


47,93 


76 


14,52 


1 f* mf\ 

16, /0 


16 


57,67 


66,31 


47 


40,92 


47,06 


77 


13,50 


15, ->2 


17 


57,38 


65,98 


-48 


40,15 


46,16 


78 


12,48 | 


14,3^ 


l a 
i j> 






49 


39,36 


45,26 


79 


11,45 


13,17 


19 


56,73 


65,24 


50 


38,57 


44,35 


1 80 


10,42 


11,93 


20 


56,38 


64,84 


51 


37,76 


43,42 


1 81 


9,38 


10,79 


21 


56,01 


64,42 


52 


36,94 


42,48 


82 


8,35 


9,59 


22 


55,63 


63,97 


o«3 


36,11 


41,53 


83 


7,31 


8,41 


23 


55,23 


63,51 
63,03 


54 


35,27 


40,56 


84 


6,27 


7,21 
6,00 


24 


54,81 


55 


34,41 


39,58 


85 


5,22 


25 


54,38 


62,53 


56 


33,55 


38, o8 


86 


4,18 


4,81 


26 


53,93 


62,02 


57 


32,68 


37,58 


87 


3,14 


3,61 


27 


53,46 


61,48 


58 


31,79 


36,57 


88 


2,09- 


2,41 


28 


52,97 


60,93 


59 


30,90 


35,54 


89 


1,05 


1,21 


29 


52,48 


60,35 


60 


30,00 


34,50 


90 1 


0,00 


0,00 


30 


51,96 


59,75 


Length of a 


degree 69,07 English miles. 



* For the principle on which this table is constructed, seo 
Keith's Trigonometry, page 249. 
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Examples. 1. What is the shortest distance 
between London and Botany Bay ? 

154 distance in degrees. 
60 

9240 geographical miles. 



154 distance in degrees. 
69 1-2 



77 
1386 
924 

10703 English miles. 

2. What is the direct distance between London 
and Jamaica, m geographical and in English 
miles ? 

3. What is the extent of Europe in English 
miles, from cape Matapan in the Mo re a, latitude 
36° 35' N. to the North Cape in Lapland, latitude 
71° 30' N. ? The places being situated nearly due 
north and south. 

4. What is the extent of south America from 
cape Blanco in the west, to cape St. Rouge in the 
east? 

TROBLEM X. 

Given the latitude of a place and its distance from 
a given place, to find that place whereof the lat- 
itude is given. 

Rule. If the distance be given in English or 
geographical miles, turn them into degrees by di- 
viding by 69 i for English miles, or 60 for geo- 
graphical miles ; then put that part of the gradu- 
ated edge of the quadrant of altitude which is 
marked O, upon the given place, and move the 
other end eastward or westward (according as 
the required place lies to the east or west of the 
given place) till the degrees of distance cut the 
given parallel of latitude ; under the point of in- 
tersection you will find the place sought. 

Or, having reduced the miles into degrees, 
take the same number of degrees from the equa- 

■ 
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tor with a pair of compasses, and with one foot 
of the compasses in the given place, as a centre, 
and this extent of degrees, describe a circle on 
the globe ; turn the globe till this circle falls un- 
der the given latitude in the brass meridian, and 
you will find the place required. 

Examples. 1. A place in latitude 60° N. is 
13204 English miles from London, and it is situ- 
ated in E. longitude ; required the place ? 

Answer. Divide 13201 miles by 694 miles, or, 
which is the same thing, 2641 half miles by 139 
half miles, the quotient will give 19 degrees; 
hence the required place is Petersburgh. 

2. A place in latitude 324° N. is 1350 geo- 
graphical miles from London, and is situated in 
Yf. longitude ; required the place ? 

Answer. Divide 1350 by 60, (he quotient is 
22° 30', or 224 degrees ; hence the required place 
is the west point of the island of Madeira. 

3. What place, in W. longitude and 13° N. 
latitude, is 3660 geographical miles from London ? 

PROBLEM XI, 

Given the longitude of a place and its distance 
from a given place, to find that place whereof 
the longitude is given. 

Rule. If the distance be given in English or 
geographical miles, turn them into degrees by divid- 
ing by 694 for English miles, or 60 for geograph- 
ical miles ; then put that part of the graduated 
edge of the quadrant of altitude, which is marked 
O, upon the given place, and move the other end 
northward or southward (according as the re- 
quired place lies to the north or south of the 
given place,) till the degrees of distance cut the 
given longitude : under the point of intersection 
you will find the place sought. 
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Or, having reduced the miles into degrees, take 
the same number of degrees from the equator 
with a pair of compasses, and with one foot of the 
compasses in the given place, as a centre, and this 
extent of degrees, describe a circle on the globe ; 
bring the given longitude to the brass meridian, 
and you will find the place, upon the circle, under 
the brass meridian* 

Examples. 1. A place in north latitude, and in 
60 degrees west longitude, is 42394 English 
miles from London ; required the place ? 

Answer. Divide 4239i miles by 694 miles, or, 
which is the same thing, 8479 half miles by 139 
half miles, the quotient will give 61 degrees; 
hence the required place is the island of Bar- - 
badoes. 

2. A place in north latitude, and in 754 degrees 
west longitude, is 3120 geographical miles from 
London ; what place is it ? 

PROBLEM XII. 

To find how many miles make a degree of longi' 
tude in any given parallel of latitude. 

Rule. Lay the quadrant of altitude parallel to 
the equator, between any two meridians in the 
given latitude, which differ in longitude 15 de- 
grees ;* the number of degrees intercepted be- 
tween them multiplied by 4, will give the length 
of a degree in geographical miles. The geo- 
graphical miles may be brought in English miles 
by multiplying by 116, and cutting off two figures 
from the right hand of the product. 

* The meridians on Gary's globes are drawn through every 
ten degrees. The rule will answer for these globes, by 
reading ten degrees for 15 degrees, and multiplying by 6 
instead of 4. 
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Or, take the distance between two meridians, 
which differ in longitude 15 degrees in the given 
parallel of latitude, with a pair of compasses; ap- 
ply this distance to the equator, and observe how 
many degrees it makes ; with which proceed as 
above. 

Since the quadrant of altitude will measure |n>^ 
arch truly but that of a great circle; and a pair 
of compasses will only measure the chord of an 
arch, not the arch itself; it follows, that the pre- 
ceding rule cannot be mathematically true, though 
sufficiently correct for practical purposes. When 
great exactness is required, recourse must be had 
to calculation. 

Examples. 1. How many^ geographical and 
English miles make a degree in the latitude of 

Answer* The latitude of Pekin is 40° north: 
the distance between two meridians in that lati* 
tude (which differ in longitude 15 degrees) is 1U 
degrees. Now, 1 1 4 degrees multiplied by 4, pro* 
duces 46 geographical miles for the length of a 
degree of longitude, in the latitude of Pekin ; and, 
if 46 be multiplied by H6, the product will be 
5336 ; cut off the two right hand figures, and the 
length of a degree in English miles will be. 53 
Or, by the rule of three, 15°: 694°m. : : 114 : 53 
miles. 

2. How many miles make a degree in the par- 
allels of latitude wherein the following places are 
situated ? 

Surinam. Washington. Spitzbergen. 

Barbadoes. Quebec. Cape Verd. 

Havannab. Skalholt. Alexandria. 

Bermudas I. North Cape. Paris. 
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PROBLEM XIII. 

# 

To find the bearing of one place from another. 

Rule* If both the places be situated on the same 
parallel of latitude, their bearing is either east or 
west from each other ; if they be situated on the 
same meridian, they bear north and south from 
each other; if they be situated on the same 
rhumb-line, that rhumb-line is their bearing ; if 
they be not situated on the same rhumb-line, lay 
the quadrant of altitude over the two places, and 
that rhumb-line which is the nearest of being par- 
allel to the quadrant will be their bearing. 

Examples* 1. Which way must a ship steer 
from the Lizard to the island of Bermudas ? 
Answer. W. S. W. 

2. Which way must a ship steer from the Liz- 
ard to the island of Madeira ? 

Answer. S. S. W. 

3. Required the bearing between London and 
the following places ? 

Amsterdam. Copenhagen. Petersburg. 
Athens. Dublin. Prague. 

Bergen. Edinburgh. Rome. 

PROBLEM XIV. 

To find the Antasci, Pariaci, and Antipodes of any 

place. 

Rule. Place the two poles of the globe in the 
horizon, and bring the given place to the eastern 
part of the horizon ; then, if the given place be in 
north latitude, observe how many degrees it is to 
the northward of the east point of the horizon ; 
the same number of degrees to the southward of 
the east point will shew the Antoeci ; au equal 
number of degrees, counted from the west point 
of the horizon towards the north, will shew the 
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Perioeci; and the same number of degrees, count- 
ed towards the south of the west, will point out 
the Antipodes. If the place be in south latitude 
the same rule will serve by reading south for 
north, and the contrary. 

As the hour circle of some globes is placed on 
the outside of the brass meridian, and the poles 
cannot be placed in the horizon: the following 
method of solving this problem may be adopted. 

FOR THE ANTCECr. 

Bring the given place to the brass meridian, 
and observe its latitude; then in the opposite 
hemisphere under the same degree of latitude the 
Antoeci will be found. 

FOR THE PERICECI. 

Bring the given place to the brass meridiau, 
and observe its latitude, and set the index of the 
hour circle to 12 ; turn the globe until the index 
points to the lower 12 ; then under the degree of 
latitude of the given place, the Perioeci will be 
found ; and, 

« FOR THE ANTIPODES. 

Keep the globe in the same position, and cast 
the eye along the brass meridian, till a similar 
degree of latitude in the opposite hemisphere is 
observed, under that degree, is the place of the 
Antipodes. 

Examples* 1. Required the Antoeci, Perioeci, 
and Antipodes of the island of Bermudas ? 

Answer. A place in Paraguay, a little N. W. 
of Buenos Ayres, is the Antoeci,; the Pericecal is 
a place in China N. W. of Nankin; and the 
S. W. part of New Holland is the Antipodes. 

2. Required the Antoeci, Perioeci, and Anti- 
podes, of the Cape of Good Hope ? 
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3. Captain Cook, in one of his voyages, was 
in 50 degrees south latitude and 1 80 degrees of 
longitude ; in what part of Europe were his 
Antipodes ? 

PROBLEM XV. 

To find at what rate per hour the inhabitants of 
any given place are carried, from west to east, 
by the revolution of the earth on its axis* 

Rule. Find how many miles make a degree of 
longitude in the latitude of the given place, (by 
Problem XII.) which multiply by 15 for the 
answer.* 

Or, look for the latitude of the given place in 
the table, Problem IX, against which you will 
find the number of miles contained in one degree ; 
multiply these miles by 15, and reject two figures 
from the right hand of the product ; the result will 
be the answer. 

Examples* 1. At what rate per hour are the 
inhabitants of Madrid carried from west to east 
by the revolution of the earth on its axis. 

Answer. The latitude of Madrid is about 40° 
N. where a degree of longitude measures 46 geo- 
graphical, or 53 English miles (see Example 1. 
Problem XI.) Now 46 multiplied by 15 pro- 
duces 690, and 53 multiplied by 1 5 produces 795 : 
hence, the inhabitants of Madrid are -carried 690 
geographical, or 795 English miles per hour. 

# The reason of this rule is obvious, for, if m be the num- 
ber of miles contained in a degree, we have 24 hours : 360 Q 
X m : : 1 hour to the answer ; but, 24 is contained 15 times in 
3m ; therefore, 1 hour : 15 X m : : 1 hour to the answer : that 
is, on a supposition that the earth turns on its axis from west to 
east in 24 hours; but we have before observed that it turns on 
its axis in 23 hours 56 minutes 4 seconds, which will make a 
small difference not worth notice. 

10 
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% At what rate per hour are the inhabitants of 
the following places carried from west to east bjr 
the revolution of the earth on its axis ? 
Skalholt. Philadelphia* Cape of Good Hope* 
Spitzbergen. Cairo. Calcutta. 
Petersburg. Barbadoes. Delhi. 
London. Quito. Batavia. 

■ 

PROBLEM XVI. 

A particular place and the hour of the day at that 
place being given, to find what hour it is at any 
other place* 

Rule. Bring the place, at which the time is 
given, to the' brass meridian, and set the in- 
dex of the hour circle to 12; turn the globe till 
the other place comes to the meridian, and the 
hours passed over by the index will be the differ- 
ence of time between the two places. If the place 
where the hour is sought He to the east of that 
wherein the time is given, count the difference of 
time forward from the given hour; if it lie to the 
west, reckon the difference of time backward. 

Examples* 1. When it is ten o'clock in the 
morning at London, what hour is it at Peters- 
burg? • 

Answer. The difference of time is two hours ; 
and, as Petersburgh is eastward of London, this 
difference must be counted forward* so that it is 
twelve o'clock at noon at Petersburgh. 

Or, the difference of longitude between Peters* 
burg and London is 30° 25', which multiplied by 
4 produces 2 hours 1 minute 40 seconds, the dif- 
ference of time shewn by the clocks of Londgp 
and Petersburg ; hence, as Petersburg lies to 4k6 
east of London, when it is ten o'clock in the morn- 
ing at London, it is one minute and forty seconds 
past twelve at Petersburg. 
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2. When it is two o'clock in the afternoon at 
Alexandria in Egypt, what hour is it at Philadel- 
phia. 

Answer* The difference of time is seven hours : 
and because Philadelphia lies to the west of Alex- 
andria, This difference must be reckoned back- 
ward, so that it is seven o'clock in the morning at 
PhUadelphia. 

Or, The longitude of Alexandria is 30* 16' E. 

The longitude of PhUadelphia is 75 19 W. 

Difference of longitude 105 35 



Difference of longitude in time 7. h. 2 m. 20 sec 

the clocks at Philadelphia are slower than those 
at Alexandria ; hence, when it is two o'clock in 
the afternoon at Alexandria, it is 57 m. 40 sec. 
past six in the morning at Philadelphia 

3 When it is noon at London, what hour is it 
at Calcutta ? 

PROBLEM XVII. 

A particular place and the hour of the day being 
given, to find all places on the globe where it is 
then noon, or any other given hour. 

^ Rule. Bring the given place to the brass me- 
ridian, and set the index of the hour circle to 12 ; 
then, as the difference of time between the given 
and required places is always known by the pro- 
blem, if the hour at the required places be earlier 
than the hour at the given place, turn the globe 
eastward till the index has passed over as many 
hours as are equal to the given difference of time ; 
hjjk if the hour at the required places be later 
tlian the hour at the given place, turn the globe 
Westward till the index passes over as many hours 
.♦as are equal to the given difference of time ; and, 
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in each case, all the places required will be found 
under the brass meridian. 

Examples. When it is noon at London, at 
what places is it half past eight o'clock in the 
morning '! 

Answer. The difference of time between Lon- 
don, the given place, and the required places, is 
3i hours, and the time at the required places is 
earlier than that at London; therefore, the re- 
quired places lie 34 hours westward of London; 
consequently by bringing London to the brass 
meridian, setting the index to 12, and turning the 
globe eastward till the index passes over 34 hours, 
all the required places will be under the brass 
meridian ; as the eastern coast of Newfoundland, 
Cayenne, part of Paraguay, &c. 

Or, the difference of time between London, the 
given place, and the required places, is 3 hours 
30 minutes* 

3 h 30 m. The difference of longitude between the 

60 place and the required place* is 52° 30'. 

The hour at the required places being 

4) 210 m. earlier than that at the given place, they 

— — — — lie 52° 30' westward of the given place. 

52°— 2 Hence, all places situated in 52° 30' west 

60 longitude from London are the places 

sought, and will be found to be Cayenne, 

4)120 &c. as above. 

30 in. 

2. When it is two o'clock in the afternoon at 
London, at what places is it half past five in the 
afternoon ? 

Answer. Here the difference of time between 
London, the given place, and the required places, 
is 3J hours ; but the time at the required places 
is later than at London. The operation will be 
the same as in example 1, only the globe must jjte 
turned 3i hours towards the west, because the re- 
quired places will be in east longitude, or eastward 
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of the given place. The places sought are the 
Caspian sea, western part of Nova Zembla, the 
island of Socotra, eastern part of Madagascar, &c. 

3. When it is } past four in the afternoon at 
Paris, where is it noon ? 

4. When it is I past seven in the morning at 
Ispahan, where is it noon ? 

5. When it is noon at Madras, where is it half 
past six o'clock in the morning ? 

6. At sea, in latitude 40° north, when it was 
ten o'clock in the morning by the time-piece, 
which shows the hour at London, it was exactly 
Dine o'clock in the morning at the ship, by a cor- 
rect celestial observation. In what part of the 
ocean was the ship? 

7. When it is noon at London, what inhabitants 
of the earth have midnight ? 

8. When it is ten o'clock in the morning at 
London, where is it ten o'clock in the evening ? 

PROBLEM XVIII. 

To find the sun's longitude (commonly called ikt 
sun's place in the ecliptic) and his declination. 

Rule* Look for the given day in the circle of 
months on the horizon, against which, in the cir- 
cle of signs, are the sign and degree in which the 
sun is for that day. Find the same sign and de- 
gree in the ecliptic on the surface of the globe ; 
bring the degree of the ecliptic, thus found, to 
that part of the brass meridian which is number- 
ed from the equator towards the poles, its dis- 
tance from the equator, reckoned on the brass 
meridian, is the sun's declination* — This problem 
may be performed by the celestial globe, using 
the same rule. 

10* 
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OR, BY THE ANALEMMA.* 

Bring the analemma to that part of the bras$ 
meridian which is numbered from the equator 
towards the poles, and the degree on the brass 
meridian, exactly above the day of the month, is 
the sun's declination. Turn the globe till a point 
of the ecliptic, correspondent to the day of the 
month, passes under the degree of the sun's dec- 
lination, that point will be the sun's longitude or 
place for the given day. If the sun's declination, 
be north, and increasing, the sun's longitude will 
be somewhere between Aries and Cancer. If the 
declination be decreasing, the longitude will be 
between Cancer and Libra. If the sun's declina- 
tion be south, and increasing, the sun's longitude 
will be between Libra and Capricorn ; if the dec- 
lination be decreasing, the longitude will be be- 
tween Capricorn and Aries. 

The sun's longitude and declination are given 
in the second page of every month, in the Nauti- 
cal Almanac, for every day in that month : they 
arc Jikewise given in While's Ephemeris, for every 
day in the year. 

* The Analemma is properly an orthographic projection 
of the sphere on the plane of the meridian ; but what is call* 
ed the Analemma on the globe, is a narrow slip of paper, the 
length of which is equal to the breadth of the torrid zone. It 
is pasted on some vacant place on the globe in the torrid xone, 
and is divided into months, and days of the months, corres- 
pondent to the sun's declination for eveiy day in the year. It 
is divided into two parts; the right hand part begins at the 
winter solstice, or December 21st, and is reckoned upwards 
towards the summer solstice, or June 21st, wheie the left hand 
part begins which is reckoned downwards in a similar manner, 
or towards the winter solstice. On Cary's globes the Analemma 
somewhat resembles the figure 8. It appears to have been 
drawn in this shape for the convenience of showing the equa- 
tion of time, by means of a straight line which passes through 
the middle of it. The equation of time is placed op the fatfti- 
«on of Bardin's globes* 
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Examples. 1 . What is the sun's longitude and 
declination on the 15th of April? 

Answer. The sun's place is 26° in T, declina- 
tion 10° N. 

2. Required the sun's place and declination for 
the following days ? 

January 21. May 18. September 9. 
February 7. June 11. October 16. 
March 16. July IK November 17. 
April 8. August 1. December 1. 

PROBLEM XIX. 

a 

w 

The month and day of the month being given, to 
Jind all places of the earth where the sun is 
vertical on that day ; those places where the sun 
does not set, and those places where he does 
not rise on the given day. 

Rule. Find the sun's declination (by Problem 
XVIII.) for the given day, and mark it on the brass 
meridian; turn the globe round on its axis from 
west to east, and all the places which pass under 
this mark will have the sun vertical on that day. 

Secondly. Elevate the north or south pole, ac- 
cording as the sun's declination is north or south, 
so many degrees above the horizon as are equal 
to the sun's declination : turn the globe on its axis 
from west to east ; then, to those places which do 
not descend below the horizon, in that frigid 
zone near the elevated pole, the sun does not set 
on the given day ; and to those places which do 
not ascend above the horizon, in that frigid zone 
adjoining the depressed pole, the sun does not 
rise on the given day. 

Examples. I. Find all places of the earth where 
the sun is vertical on the 11th of May ; those 
places in the north frigid zone where the sun does 
not set and those places in the south frigid zone 
where he does not rise. 

Digitized by 



103 

Answer. The sun is vertical to St. Anthonv, 
one of the Cape Verd islands, the Virgin Islands, 
south of St. Domingo, Jamaica, Golconda, &c. 
All places within eighteen degrees of the north 
pole will have constant day; and those, if any, 
within eighteen degrees of the south pole will 
have constant night* 

2. Whether does the sun shine over the north 
or south pole on the 27th of October ? to what 
places will he be vertical at noon ? what inhabit- 
ants of the earth will have the sun below their 
horizon during several revolutions, and to what 
part of the globe will the sun never set on that day ? 

3. Find all the places on the earth where the in- 
habitants have no shadow when the sun is on their 
meridian, on the first of June* 

4. What inhabitants of the earth have their 
shadows directed to every point of the compass 
during a revolution of the earth on its axis, on the 
15th of July? 

5. How far does the sun shine over the south 
pole on the 1 4th of November ? what places in 
the north frigid zone are in perpetual darkness ? 
and to what places is the sun vertical ? 

6. If the sun be vertical at any place on the 
15th of April, how many days will elapse before 
he is vertical a second time at that place ? 

7. If the sun be vertical at any place on the 
20th of August, how many days will elapse before 
be is vertical a second time at that place ? 

8. Find all places on the earth where the moon 
was vertical on the 15th of May, 1808.* 

M 

* To perform this example, find the moon's declination on 
the given day in the Nautical Almanac, and mark it on the 
brass meridian ; all places passing under that degree of dec- 
lination will have the moon vertical, or nearly so, on the given 
day. The moon's declination at midnight on the 15th of May 
1808 was 14° 34' south. 
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PROBLEM XX. 

A place being given in the torrid zone, to Jtnd 
those two days of the year on which the sun will 
be vertical at that place. 

Rule. Bring the given place to that part of 
the brass meridian which is numbered from the 
equator towards the poles, and mark its latitude ; 
turn the globe on its axis, and observe what two 
points of the ecliptic pass under that latitude ; 
seek those points of the ecliptic in the circle of 
signs on the horizon, and exactly against them, 
in the circle of months, stand the days required. 
Examples* 1. On what two days of the year 
will the sun be vertical at Madras ? 

Answer. On the 25th of April, and on the 18th 
of August. 

2. On what two days of the year is the sun 
vertical at the following places ? 
O'why'hee. St. Helena. Sierra Leone. 
Friendly Isles. JRio Janeiro. Vera Cruz. 
Porto Bello. Barbadoes. Manilla. 

PROBLEM XXI. 

The month and the day of the month being given 
(at any place not in the frigid zones,) to fnd 
what other day of the year is of the same length. 

Rule. Find the sun's place in the ecliptic for 
the given day (by Problem XVIII.) bring it to the 
brass meridian, and observe the degree above it ; 
turn the globe on its axis till some other point of 
the ecliptic falls under the same degree of the 
meridian ; find this point of the ecliptic on the 
horizon, and directly against it you will find the 
day of the month required. 

This Problem may be performed by the celes- 
tial globe in the same manner. 
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OR, WITHOUT A GLOBE, 

Any two days of the year which are of the 
same length, will be an equal number of days 
from the longest or shortest day. Hence, what- 
ever number of days the given day is before the 
longest or shortest day, just so many days will the 
required day be after the longest or shortest day, 
it contra. 

Examples. 1. What day of the year is of the 
same length as the 25th of April ? 
Answer. The 18th of August. 

2. What day of the year is of the same length 
as the 25th of May? 

3. If the sun rise at four o'clock in the morn- 
ing at London on the 1 7th of July, on what other 
day of the year will it rise at the same hour ! 



PROBLEM XXII. 

The month, day, and hour of the day being given, 
to Jind where the sun is vertical at that in* 
stant. 

Rule. Find the sun's declination and mark 
it on the brass meridian; bring the given 
place to the brass meridian, and set the index 
of the hour circle to twelve ; then, if the given 
time be before noon, turn the globe west- 
ward as many hours as it wants of noon; but, if 
the given time be past noon, turn the globe east- 
ward as many hours as the time is past noon; 
the place exactly under the degree of the sun's 
declination will be that sought. 

Examples. 1. When it is forty minutes- past 
six o'clock in the. morning at London, on the 
25th of April, where is the sun vertical ? 

Answer. Here the given time is five hours 
twenty minutes before noon; hence the globe 
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must be turned towards the west till the index 
has passed over five hours twenty minutes, and 
under the sun's declination on the brass meridian 

« 

you will find Madras, the place required. 

2. When it is four o'clock m the afternoon at 
London, on the 1 8th of August, where is the sun 
vertical ? 

Answer. Here the given time is four hours 
past noon ; hence, the globe must be turned to- 
wards the east, till the index has passed over four 
hours; then, under the sun's declination, you 
will find Barbadoes, the place required* 

3. Whet* it is three o'clock in the afternoon 
at Boston, on the fourth of January, where is 
the sun vertical ? 

4* When it is three o'clock in the morning at 
Paris,, on the 1 1th of April, where is the sun 
vertical ? 

PROBLEM XXIII. 

The month, day, and hour of the day at any place 
being given, to find all those places of the earth 
where the sun is rising, those places where the 
sun is setting, those places that have noon, that 
particular place where the sun is vertical, those 
places that have morning twilight, and those 
places that have evening twilight, and those 
places that have midnight. 

Rule. Find the sun's declination and mark 
it on the brass meridian; elevate the north 
or south pole, according as the sun's declina- 
tion is north or south, so many degrees 
above the horizon as are equal to the sun's de«* 
cli nation ; bring the given place to the brass mer- 
idian, and set the index of the hour circle to 
twelve; then, if the given time be before noon, 
turn the globe westward as many hours as it 
wants of noon ; but, if the given time be past 
noon, turn the globe eastward as many hours as 
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the time is past noon ; keep the globe in this po- 
sition ; then all places along the western edge of 
the horizon have the sun rising; those places 
along the eastern edge have the sun setting; those 
under the brass meridian, above the horizon, have 
noon; that particular place which stands under 
the sun's declination, on the brass meridian, has 
the sun vertical ; all places below the west- 
ern edge of the horizon, within eighteen de« 
grees, have morning twilight ; those places which 
are below the eastern edge of the horizon, within 
eighteen degrees, have evening twilight ; all the 
places under the brass meridian, below the hori- 
zon, have midnight ; all the places above the ho* 
rizon have day, and thoae below it have night or 
twilight. 

Examples. 1 . When it is fifty-two minutes past 
four o'clock in the morning at London, on the 
5th of March, find all places of the earth where 
the sun is rising, setting, &c. &c. 

Answer. The sun's declination will be found 
to be 6J° south; therefore, elevate the south pole 
6i° above the horizon. The given time being 
seven hours eight minutes before noon 12 h. 
— 4 h. 52 m.) the globe must be turned towards 
the west till the index has passed over seven 
hours eight minutes.* Let the globe be fixed in 
this position ; then, 

The sun is rising at the western part of the 
White Sea, Petersburg, the Morea in Turkey, 
&c. 

* The hour circles, in general, are not divided into parts 
less than a quarter of an hour, but the odd minutes are easily 
reckoned. In this example, having turned the globe westward 
till the index has passed over seven hours, then, because 
four minutes of time make one degree, reckon two degrees 
on the equator eastward, and turn the globe till they pass 
under the brass meridian. 
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Setting at the eastern coast of Kamtschatka, 
Jesus Island, Palmerston Island, &c. between the 
Friendly and Society Islands. 

Noon at the lake Baikal in Irkoutsk, Cochin 
China, Cambodia, Sunda Islands, &c. 

Vertical at Batavia. 

Morning twilight at Sweden, part of Germany, 
the southern part of Italy, Sicily, the western 
coast of Africa along the ^Ethiopian Ocean, &c. 

Evening twilight at the north west extremity 
of North America, the Sandwich Islands, the So- 
ciety Islands, &c. 

Midnight at Labrador, New- York, western 
part of St. Domingo, Chili, and the western coast 
of South America. 

Day at the eastern part of Russia in Europe, 
Turkey, Egypt, the Cape of Good Hope, and all 
the eastern part of Africa, almost the whole of 
Asia, &c. 

Night at the whole of North and South America, 
the western part of Africa, the British Isles, France, 
Spain, Portugal, &c. 

2. When it is four o'clock in the afternoon at 
London, on the 25th of April, where is the sun 
rising, setting, &c. &c. ? 

Answer* The sun's declination being 13° north, 
the north pole must be elevated 13° above the 
horizon ; and, as the given time is four 6'clock 
in the afternoon, the globe must be turned four 
hours toward the east ; then the sun will be rising 
at Owhyhee, &c. setting at the Cape of Good 
Hope, &c. it will be noon at Buenos Ayres, &c. , 
the sun will be vertical at Barbadoes ; and, fol- 
lowing the directions in the problem, all the other 
places are readily found. 

3. When it is ten o'clock in the morning at 
Boston, on the longest day, to what countries is 
the sun rising, setting, &c. &c. ? 

11 
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rROBLEM XXIV. 

* 

To find the time of the surfs rising and setting, 
and the length of the day and night at any 
place. 

Rule. Find the sun's declination, and ele- 
vate the north or south pole, according as 
the declination is north or south, so many de- 
grees above the horizon as are equal to the 
sun's declination ; bring the given place to the 
brass meridian, and set the index of the hour 
circle to twelve ; turn the globe eastward till the 
given place comes to the eastern semi-circle of 
the horizon, and the number of hours passed 
over by the index will be the time of the sun's 
setting : deduct these hours from twelve, and you 
have the time of the sun's rising ; because the sun 
rises as many hours before twelve as it sets after 
twelve. Double the time of the sun's setting 
gives the length of the day, and double the time 
of rising gives the length of the night 

By the same rule, the length of the longest 
day, at all places not in the frigid zones, may be 
readily found ; for the longest day at all places in 
north latitude is on the 21st of June, or when the 
sun enters Cancer; and the longest day at all 
places in south latitude is on the 21st of Decem- 
ber, or when the sun enters the sign Capricorn. 

Examples. 1. What time does the sun rise 
and set at London on the 17th of July, and what 
is the length of the day and night ? 

Answer. The sun sets at 8 and rises at (!2 — 
8=) 4; the length of the day is sixteen hours, 
and the length of the night eight. The learner 
will readily perceive that, if the time at which 
the sun rises be given, the time at which it sets, 
together with the length of the day and night, 
may be found without a globe ; if the length of 
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the day be given, the length of the night, and the 
time the sun rises and sets may be found ; if the 
length of the night be given, tbe length of th$ 
day and the time the sun rises and sets are easily 
known. 

2. At what time does the sun rise and set at 
the following places, on the respective days men- 
tioned, and what is the length of the day and 
night ? 

London, 17th of May. Cape of Good Hope, 7 Dec. 

Gibraltar, 22d of July. Cape Horn, 29th January. 

Bombay, 29th January. Washington, 15th Dec. 

Botany Bay, 20th February. Petersburg, 24th of October, 
Pekin, 20th April. Boston, 18th Aug. 

3. Find the time the sun rises and sets at every 
place on the surface of the globe on the 2Ut of 
March, and likewise on the 23d of September, 

4. Required the length of the longest day and 
shortest night at the following places : 

London Paris Pekin 

Petersburg Vienna Cape Horn 

Aberdeen Berlin Washington, 

5. How much longer is the 21st of June at 
Petersburg than at Alexandria ? 

6. How much longer is the 21st of December 
at Alexandria than at Petersburg ? 

7. At what time does the sun rise and set at 
Spitzbergen on the 5th of April ? 

- 

PROBLEM XXV. 

< 

The hnglh of the day at any place being given, 
to find the sun's decimation, and the day of the 
month* 

v 

Rule. Bring the given place to the brass meri- 
dian, and set the index to twelve ; turn the globe 
eastward till the index has passed over as many 
hours as are equal to half the length of the day; 
keep the globe from revolving on its axis, and 
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elevate or depress one of the poles till the given 
place exactly coincides with the eastern semi-circle 
of the horizon ; the distance of the elevated pole 
from the horizon, will be the sun's decimation : 
mark the sun's declination, thus found, on the 
brass meridian ; turn the globe on its axis, and 
observe what two points of the ecliptic pass under 
this mark ; seek those points in the circle of 
signs on the horizon, and exactly against them, 
in the circle of months, stand the days of the 
month required. 

Examples. 1. What two days in the year are 
each sixteen hours long at London, and what is 
the sun's declination ? 

Answer. The 24th of May, and the 17th of 
July. The sun's declination is about 21° north. 

2. What two days of the year are each fourteen 
hours long at London ? 

3. On what two days of the year does the sun 
set at half past seven o'clock at Edinburgh ? 

PROBLEM XXVI. 

To find the length of the longest day at any place 

in the north* frigid zone. 

Rule. Bring the given place to the northern 
point of the horizon, by elevating or depressing 
the polo, and observe its distance from the north 
pole on the brass meridian ; count the same num- 
ber of degrees on the brass meridian from the 
equator towards the north pole, and mark the 
place where the reckoning ends ; turn the globe 
on its axis, and observe what two points of the 
ecliptic pass under the above mark 5 find those 

* The south frigid zone being, uninhabited (at least we know 
of no inhabitants) the problem is not applied to that zone ; 
however, the rule is general, reading south for north, and 21st 
of December for the 21st of June. 
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points of the ecliptic in the circle of signs on the 
horizon, and exactly against them, in the circle 
of months, you will find the days on which the 
longest day begins and ends. The day preceding 
the 2 1st of June is that on which the longest day 
begins at the given place, and the day following 
the 21st of June is that on which the longest day 
ends : the space of time between these days is the 
length of the longest day. 

Examples* 1. What is the length of the longest 
da> at the North Cape, in the island of Maggeroe, 
in latitude 71° 30' north. 

Answer* The place is 181° from the pole ; the 
longest day begins on the 14th of May, and ends 
on the 30th of July ; the day is, therefore, seventy- 
seven days long, that is, the sun does not set 
during seventy-seven revolutions of the earth on 
its axis. 

2. What is the length of the longest day in the 
north of Spitzbergen, and on what days does it 
begin and end ? 

PROBLEM XXVII. 

To Jind the length of the longest night at anyplace 

in the north* frigid zone. 

Rule. Bring the given place to the northern 
point of the horizon, by elevating or depressing 
the pole, and observe its distance from the north 
pole on the brass meridian ; count the same num- 
ber of degrees on the brass meridian from the 
equator towards the south pole, and mark the 
place where the reckoning ends ; turn the ^lobe 
on its axis, and observe what two points ot the 

* This problem is equally applicable to any place in the 
south frigid zone, and the rule will be general by reading 
south for north, and the contrary ; likewise, instead of the 
Slst of December read the 21st of June. 

ii * 
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ecliptic pass under the above mark; find those 
points of the ecliptic in the circle of signs in the 
horizon, and exactly against them, in the circle 
of months, you will find the days on which the 
longest night begins and ends. The day preced- 
ing the 21st of December is that on which the 
longest night begins at the given place, and the 
day following the 21st of December, is that on 
which the longest night ends : the space of time be- 
tween these days, is the length of the longest night. 

Examples. 1 . What is the length of the long- 
est night at the North Cape, in the island of 
Maggeroe, in latitude 71° 30' north? 

Ansioer. The place is 184° from the pole; the 
longest night begins on the 16th of November, 
and ends on the 27th of January : the night is 
therefore seventy-three days long, that is, the sun 
does not rise during seventy-three revolutions of 
the earth on its axis. 

2. What Ts the length of the longest night at 
the north of Spitzbergen ? 

PROBLEM XXVIII. 

To find the number qf days in which the sun rises 
and sets at any place in the north* frigid zone. 

Rule. Bring the given plafce to the northern 
point of the horizon, (by elevating or depressing 
the pole,) and observe its distance from the north 
pole on the brass meridian ; count the same num- 
ber of degrees on the brass meridian, from the 
equator towards the poles northward and south- 
ward, and make marks where the reckoning ends ; 
observe what two points of the ecliptic, nearest 
to Aries, pass under the above mark*; these 
points will shew, upon the horizon, the end of 

* The same might be found for a place in the south frigid 
zone, were that zone inhabited. 
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the longest night and the beginning of the longest 
day ; daring the time between these days the 
sun will rise and set every twenty-four hours: 
next observe what two points of the ecliptic, near- 
est to Libra, pass under the marks on the brass 
meridian ; find these pointfe, as before, in the cir- 
cle of signs, and against them you will find the 
day on which the longest day ends at the given 
place, and the day on which the longest night 
begins; during the time between these days the 
sun will rise and set every twenty-four hours* 

OR, THUS. 

The length of the longest day, by Example 1st, 
Problem XXVI. is 77 days, the length of the 
longest night, by Example 1st, Problem XXV H. 
is 73 days; the sum of these is 150, which de- 
ducted from 365, leaves 215 days. 

Examples. 1. How many days in the year 
does the sun rise and set at the north of Spits- 
bergen ? 

2. How many days does the sun rise and set at 
Greenland, in latitude 75° north ? 

3. How many days does the sun rise and set 
at the northern extremity of Russia and Asia ? 

PROBLEM XXIX. 

To find in what degree of north latitude, on any 
day between the 2 1st of March and the 2\st of 
June, or in what degree of south latitude, on 
any day between the 23d of September and the 
21 st of December, the sun begins to shine con- 
stantly without setting ; and also in what latitude 
in the opposite hemisphere he begins to be totally 
absent. 

Rule. Find the sun's declination and count 
the same number of degrees from the north 
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pole towards the equator, if the declination be 
north, or from the south pole, if it be south, and 
mqrk the point where the reckoning ends ; turn 
the globe 6n its axis, and all places passing under 
this mark are those in which the sun begins to 
shine constantly without setting at that time : the 
aiune number of degrees from the contrary pole 
will point out all the places where twilight or 
total darkness begins. 

Examples* 1, In what latitude north, and at 
what places does the sun begin to shine without 
setting during several revolutions of the earth on 
its axis, on the 14th of May ? 

Answer. The sun's declination is 184° north, 
therefore all places in latitude 714° north will be 
the places sought, viz. the north cape in Lapland, 
the southern part of Nova Zembla, Icy Cape, &c. 

2. In what latitude does the sun begin to shine 
without setting, on the 10th of April. 

PROBLEM XXX. 

Any number of days not exceeding 182, being 
given, to find the parallel of north latitude in 
which the sun does net set for that time. 

Rule. Count half the number of days from the 
21st of June on the horizon, eastward or westward, 
and opposite to the last day you will find the sun's 
place in the circle of signs; look for the sign and 
the degree on the ecliptic, which bring to the 
brass meridian, and observe the sun's declination ; 
reckon the same number of degrees from the north 
pole, on that'part of the brass meridian which is 
numbered from the equator towards the poles and 
you will have the latitude sought. 

Examples. 1. In what degree of north latitude, 
and at what place, does the sun continue above 
the horizon for seventy-seven days ? 
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Answer. Half the number of days is 38}, and, 
if reckoned backward, or towards the east, from 
the 21st of June, will answer to the 14th of 
May ; and if counted forward; or towards the 
west, will answer to the 30th of July ; on either 
of which days the sun's declination is 1 8£ degrees 
north, consequently the places sought are 1 8£ from 
the north pole, or in latitude 71| degrees north : 
answering to the North Cape in Lapland, the 
south part of Nova Zembla, Icy Cape, &c. 

2. In what degree of north latitude is the 
longest day 134 days, or 3216 hours in length ? 

PROBLEM XXXI* 

To find the beginning, end, and duration of 
twilight at any place, on any given day. 

- 

Rule* Find the sun's declination for the given 
day and elevate the north or south pole, ac- 
cording as the declination is north or south, 
so many degrees above the horizon as are 
equal to the sun's declination ; screw the quad- 
rant of altitude on the brass meridian, over the 
degree of the sun's declination ; bring the given 
place to the brass meridian, and set the index of 
the hour circle to twelve : turn the globe east* 
ward till the given place comes to the horizon, 
and the hours passed over by the index will shew 
the time of the sun's setting, or the beginning of 
evening twilight: continue the motion of the 
globe eastward, till the given place coincides with 
18° on the quadrant of altitude below the horizon, 
the time past over by the index of the hour circle, 
from the time of the sun's setting will be the du- 
ration of evening twilight. The morning twilight 
is the same length. 
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Examples. 1. Required the beginning, end, and 
duration of morning and evening twilight at Lon- 
don, on the 19th of April ? 

Answer. The sun sets at two minutes past 
seven, and rises at fifty-eight minutes past four : 
the duration of twilight is two hours and seven- 
teen minutes ; consequently, evening twilight ends 
at nineteen minutes past nine, and morning twi- 
light begins, or day breaks, at forty-one minutes 
past two. 

2. What is the duration of twilight at London 
on the 23d of September ? what time does dark 
night begin ? and at what time does day break in 
the morning ? 

Answer. The sun sets at six o'clock, and the 
duration of twilight is two hours ; consequently, 
the evening twilight ends at eight o'clock, and the 
morning twilight begins at four. 

3. Required the beginning, end, and duration 
of morning and evening twilight at Boston, on the 
25th of August. 

4. Required the beginning, end, and duration 
of morning and evening twilight at Cape Horn, 
on the 20th of February. 

PROBLEM XXXII. 

To find the beginning, end. and duration of con* 
stant day or twilight at any place. 

Rule. Find the latitude of the given place, and 
add 18° to that latitude; count the number of de- 
grees correspondent to the sum, on that part of 
the brass meridian which is numbered from the 
pole towards the equator, mark where the reckon- 
ing ends, and observe what two points of the eclip- 
tic pass under the mark ;* that point wherein the 

* II, alter 18 degrees be added to the latitude, the distance 
from the pole will not reach the ecliptic, there will be no con- 
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sun's declination w increasing, will show on the 
horizon the beginning of constant twilight; and 
that point wherein the sun's declination is decreas- 
ing, will show the end of constant twilight. 

Examples. I. When do we begin to have con- 
stant day or twilight at London, and how long 
does it continue ? 

Answer. The latitude of London is 51| de- 
grees north, to which add 1 8 degrees, the sum is 
69|, the two points of the ecliptic which pass un- 
der 69£ are two degrees in answering to the 
22d of May, and 29 degrees in ©, answering to 
the 21st of July, so that from the 22d of May to 
the 21st of July, the sun never descends 18 de- 
grees below the horizon of London. 

2. When do the inhabitants of the Shetland 
islands cease to have constant day or twilight ? 

3. Can twilight ever continue from sun-set to 
sun-rise at Madrid ? 

PROBLEM XXXIII. 

To find the duration of twilight at the north pole. 

Rule. Elevate the north pole so that the equa- 
tor may coincide with the horizon ; observe what 
point of the ecliptic, nearest to Libra, passes un- 
der 1 8° below the horizon, reckoning on the brass 
meridian, and find the day of the month corres- 
pondent thereto ; the time elapsed from the 23d 
of September to this time will be the duration of 
evening twilight* Secondly, observe what point 
of the ecliptic, nearest to Aries, passes under 18° 
below the horizon, reckoned on the brass meri- 
dian, and find the day of the month correspond- 
ent thereto ; the time elapsed from that day to 

start twilight at the given place: viz. to the given latitude 
add 18 degrees, and subtract the sum from 90, if the re- 
mainder exceed 23 1-2 degrees, there can be no constant twi- 
light at the given place. 

♦ 
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the 21st of March will be the duration of morn- 
ing twilight. 

Example. What is the duration of twilight at 
the north pole, and what is the duration of dark 
night there ? 

PROBLEM XXXIV* 

r 

To fnd the surfs meridian altitude at any time of 
the year at any given place. 

Rule. Find the sun's declination, and elevate 
the pole to that declination ; bring the given place 
to the brass meridian, and count the number of 
degrees between it and the horizon ; these de« 
grees will show the sun's meridian altitude. 

Examples. 1. What is the sun's meridian al- 
titude at London on the 21st of June? 

Answer. 62 degrees. 

2. What is the sun's meridian altitude at Lon- 
don on the 21st of March ? 

3. What is the sun's least meridian altitude at 
London ? 

4. What is Ihe sun's greatest meridian altitude 
at Boston ? 

5. What is the sun's meridian altitude at Mad- 
ras on the 20th of June ? 

6. What is the sun's meridian altitude at Bos- 
ton on the 15th of January ? 

* 

PROBLEM XXXV. 

When it is midnight at any place in the temperate 
or torrid zones, to Jind the swSs altitude at any 
place (on the same meridian) in the north 
frigid zone, where the sun does not descend be- 
low the horizon. 

Rule. Find the sun's declination for the given 
day, and elevate the pole to that declination ; bring 
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the place, in the frigid zone, to that part of the 
brass meridian which is numbered from the north 
pole towards the equator, and the number of de- 
grees between it and the horizon will be the sun's 
altitude. 

les. 1. What is the sun's altitude at the 
North Cape in Lapland, when it is midnight at 
Alexandria in Egypt on the 21st of June ? 
Answer* 5 degrees. 

2. When it is midnight to the inhabitants of 
the island of Sicily on the 22d of May, what is 
the sun's altitude at the north of Spitsbergen, in 
latitude 80° north ? 

PROBLEM XXXVI. 

To find the sun* s amplitude at any place. 

Rule. . Elevate the pole so many degrees 
above the horizon as are equal to the latitude of 
the given place ; find the sun's place in the eclip. 
tic, and bring it to the eastern semi-circle of the 
horizon ; the number of degrees from the sun's 
place to the east point of the horizon will be the 
rising amplitude: bring the sun's place to the 
western semi-circle of the horizon, and the num- 
ber of degrees from the sun's place to the west 
point of the horizon will be the setting amplitude. 

Examples. 1. What is the sun's amplitude at 
London on the 21st of June ? 

Answer. 39° 48' to the north of the east, and 
39° 48' to the north of the west. 

2. On what point of the compass does the sun 
rise and set at Boston on the 1 7th of May ? 

3. On what point of the compass does the sun 
rise and set at the Cape of Good Hope on the 
2 1st of December? 

4. On what point of the compass does the sun 
rise and set on the 2 1 st of March ? 

12 
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< 

5. On what point of the compass does the sua 
jise and set at Washington on the 2 1st of October f 

6. On what point of the compass does the sun 
rise and set at Petersburg on the 18th of Decem- 
ber ? 



To find the surfs azimuth and his altitude at any 
place, the day and hour being given. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude on the 
brass meridian, over that latitude; find the sun's 





7 
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* 

then, if the given time be before noon, turn the 
globe eastward* as many hours as it wants of 
noon ; but, if the given time be past noon, turn 
the globe westward as many hours as it is past 
noon ; bring the graduated edge of the quadrant 
of altitude to coincide with the sun's place, then 
the number of degrees on the horizon, reckoned 
from the north or south point thereof to the grad- 
uated edge of the quadrant, will shew the azi- 
muth ; and the number of degrees on the quadrant, 
counting from the horizon to the sun's place, will 
be the sun's altitude. 

Examples. 1. What is the sun's altitude, and 
his azimuth from the north, at London, on the 
first of May, at ten o'clock in the morning ? 

* Whenever the pole is elevated for the latitude of the place, 
the proper motion of the globe is from east to west, and the 
sun is on the cast side of the brass meridian in the morning, 
and on the west side in the afternoon ; but, when the pole 
is elevated for the sun's declination, the motion is from west 
to east, and the place is on the west side of the meridian in 
the morning, and on the east side in the afternoon. 
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Answer. The altitude is 47°, and the azimuth 
from the north 1 36°, or from the south 44°. 

2. What is the sun's altitude and azimuth at 
Petersburg on the 13th of August, at half past five 
o'clock in the morning ? 

3. What is the sun's azimuth and altitude at 
Antigua, on the 21st of June, at half past six in 
the morning, and at half past ten ? 

PROBLEM XXXVIII. 

The latitude of the place, day of the month, and 
the surfs altitude being given, to find the sun's 
azimuth and the hour of the day. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude on the 
brass meridian, over that latitude ; bring the sun's 
place in the ecliptic to the brass meridian, and set 
the index of the hour circle to twelve ; turn the 
globe oq its axis till the sun's place in the ecliptic 
coincides with the given degree of altitude on the 
quadrant; the hours passed over by the index of 
the hour circle will shew the time from noon, 
and the azimuth will be found on the horizon, as 
in the preceding problem* 

Examples. 1. At what hour of the day on the 
21st of March is the sun's altitude 224° at London, 
and what is his azimuth ? The observation being 
made in the afternoon* 

Answer. The time from noon will be found to 
be 3 hours 30 minutes, and the azimuth 59° 1' from 
the south towards the west. Had the observation 
been made before noon, the time from noon would 
have been 3 J hours, viz. it would have been 30 
minutes past eight in the morning, and the azU 
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mutb would have been 59° 1' from the south to- 
wards the east.* 

2. At what hour on the 9th of March is the 
sun's altitude 25° at London, and what is bis 
azimuth? The observation being made in the 
forenoon* 

PROBLEM XXX IX. 

Griven the latitude of the place, and the day of the 
month, to find at what time the sun is due east 
or west. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, find the sun's place in the ecliptic, bring it 
to the brass meridian, and set the index of the 
hour circle to twelve ; screw the quadrant of alti- 
tude on the brass meridian, over the given lati- 
tude, and move the lower end of it to the east 
point of the horizon ; hold the quadrant in this 
position, and move the globe on its axis till the 
sun's place comes to the graduated edge of the 
quadrant; the hours passed over by the index 
from twelve will be the time from noon when the 
sun is due east, and at the same time from noon 
he will be due west 

Examples. I. At what hours will the sun be 
due east at London on the 19th of May; at what 
hour will be be due west ; and what will his alti- 
tude be at these times ? 

Answer. The time from 12, when the sun is 
due east, is four hours 54 minutes; hence the 
sun is due east at six minutes past seven o'clock 
in the morning, and due west at 54 minutes past 
four in the afternoon ; the sun's altitude may be 

* The Jearner will observe, that the sun has the same alti- 
tude at equal distances from noon; hence it is necessa^ to 
say whether the observation be made before or after noon 
otherwise the problem admits of two answers. 
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found at the same time, as in Problem XXXVII. 
In this Example it is 25° 26'. 

2. At what hours will the sun be due east and 
west at Loudon on the 21st of June, and on the 
2 1st of December; and what will be his altitude 
above the horizon on the 21st of June ? 

PROBLEM XL* 

Given the aunts meridian altitude, and the day of 
the month, to find the latitude of the place. 

Rule. Find the sun's place in the ecliptic, and 
bring it to thsrt part of the brass meridian, which 
is numbered from the equator towards the poles ; 
then, if the sun was south* of the observer when 
the altitude was taken, count the number of de- 
grees from the sun's place on the brass meridian 
towards the south point of the horizon, and mark 
where the reckoning ends ; bring this mark to 
coincide with the south point of the horizon, and 
the elevation of the north pole will shew the lat- 
itude. If the sun was north of the observer when 
the altitude was taken, the degrees must be count-' 
ed in a similar manner, from the sun's place to- 
wards the north point of the horizon, and the 

elevation of the south pole will shew the latitude. 

- - 

PROBLEM XLT. 

The length of the longest day at any place, not 
within the polar circles being given, to find the 
latitude of that place. 

Rule. Bring the first point of Cancer or Cap- 
ricorn to the brass meridian, (according as the 

* It is necessary to state whether the sun be north or 
south of the observer at noon, otherwise the problem is un- 
limited. 

12 * 
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place is on the north or sooth side of the equa- 
tor,) and set the index of the hour circle to 
twelve ; turn the globe westward on its axis, till 
the index of the hour circle has passed over as 
many hours as are equal to half the length of the 
day ; elevate or depress the pole till the sua's 
place (viz. Cancer or Capricorn) comes to the 
horizon ; then the elevation of the pole will shew 
the latitude. 

Note. This problem will answer for any day in 
the year, as well as the longest day, by bringing 
the sun's place to the brass meridian, and pro- 
ceeding as above* 

Examples. 1. In what degree of north latitude, 
And at what places is the length of the longest 
day 16J hours? 

Answer* In latitude 52°, and all places situ- 
ated on, or near that parallel of latitude, have the 
same length of the day. 

2. In what degree of south latitude, and at 
what places is the longest day fourteen hours ? 



PROBLEM XLIL 

To find the surfs right ascension, oblique ascen- 
sion, oblique descension, ascensional difference, 
and time of rising and setting at any place. 

Rule. Find (he sun's place in the ecliptic, and 
bring it to that part of the brass meridian, which 
is numbered from the equator towards the poles ; 
the degree on the equator cut by the graduated 
edge of the brass meridian, reckoning from the 
point Aries eastward, will be the sun's right as* 
eension. 

Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, 
bring the sun's place in the ecliptic to the eastern 
part of the horizon, and the degree or the equa- 
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tor cut by the horizon, reckoning from the point 
Aries eastward, will be the sun's oblique ascen- 
sion. Bring the sun's place in the ecliptic to the 
western part of the horizon, and the degree on 
the equator cut by the horizon, reckoning from 
the point Aries eastward, will be the sun's ob- 
lique descension. 

Find the difference between the sun's right and 
oblique ascension ; or, which is the same thing, 
the difference between the right ascension and 
oblique descension, and turn this difference into 
time by multiplying by 4 ; then, if the sun's de- 
clination and the latitude of the place be both of 
the same name, viz. both north or both south, 
the sun rises before six, and sets after six, by a 
space of time equal to the ascensional difference ; 
but if the sun's declination and the latitude be of 
contrary names, viz. the one north and the other 
south, the sun rises after six, and sets before six. 

Examples. 1. Required the sun's right ascen- 
sion, oblique ascension, oblique descension, ascen- 
sional difference, the time of rising and setting at 
London, on the 15th of April. 

Answer. The right ascension is 23° 30', the 
oblique ascension is 9° 45', the ascensional differ- 
ence (23° 30'— 9° 45' =) 13° 45' or fifty-five 
minutes of time ; consequently the sun rises fifty- 
five minutes before 6, or five minutes past 5, and 
sets fifty-five minutes past 6. The oblique de- 
cension is 37° 15'; consequently the descensional 
difference is (37° 15'— 23° 30' =) 13° 45', the 
same as the ascensional difference. 

2. What are the sun's right ascension, oblique 
ascension, and oblique descension, on the 27th of 
September at London ? what is the ascensional 
difference, and at what time does the sun rise 
and set? 
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PROBLEM XLIII. 

Given the day of the rponth, and the sun 1 s ampli- 
tude, to find the latitude of the place of obser- 
vation. 

Rule. Find the sun's place in the ecliptic, and 
bring it to the eastern or western part of the ho- 
rizon, (according as the eastern or western am- 

Slitude is given,) elevate or depress the pole till 
le sun's place coincides with the given amplitude 
on the horizon, then the elevation of the pole will 
show the latitude. 

OR THUS : 

Elevate the north pole to the complement* of 
the amplitude, and screw the quadrant of alti- 
tude upon the brass meridian, over the same de- 
gree ; bring the equinoctial point Aries to the 
brass meridian, and move the quadrant of altitude 
till the sun's declination for the given day (count* 
ed on the quadrant) coincides with the equator; 
the number of degrees between the point Aries 
and the graduated edge of the quadrant will be 
the latitude sought. 

Examples. 1. The sun's amplitude was ob- 
served to be 39° 48' from the east towards the 
north, on the 21st of June; required the latitude 
of the place ? 

Answtr. 51° 32' north. 

2. The sun's amplitude was observed to be 
1 5° 30' from the east towards the north, at the 
same time his declination was 15° 30'; required 
the latitude ? 

* The complement of tbe amplitude is found by substracting 
the amplitude from 90°. The rule is exactly the same as above; 
for it is formed from a right angled spherical triangle, the base 
being the complement of the amplitude, the perpendicular the 
latitude of the place, and the liypothenuse the complement of 
the sun's declination. 
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Anszoer* The latitude was nothing. 

3. On the 29th of May, when the sun's declin- 



a 
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the latitude ? 

Answer. 12° north. 

4. When the sun's declination was 2° north, his 
rising amplitude was 4° north of the east; re- 
quired the latitude ? 

Answer. 60° north. 



PROBLEM XLIV. 

The day and hour being given when a solar eclipse 
will happen, to find where it will be visible. 

Rule. Find the sun's declination, and elevate 
the pole agreeably to that declination ; bring the 
place, at which the hour is given, to that part of 
the brass meridian, which is numbered from the 
equator towards the poles, and set the index of 
the hour circle to twelve ; then, if the given time 
be before noon, turn the globe westward till the 
index has passed over as many hours as the given 
time wants of noon ; if the time be past noon, turn 
the globe eastward as many hours as it is past 
noon, and exactly under the degree of the sun's 
declination on the brass meridian, you will find 
the place on the globe where the sun will be ver- 
tically eclipsed : at all places within 70 degrees 
of this place, the eclipse may* be visible, espe* 
cially if it be a total eclipse. 

* When the moon is exactly in the node, and when the axis 
of the moon's shadow and penumbra pass through the centre of 
the earth, the breadth of the earth's surface under the penum- 
bral shadow is 70° 20' ; but the breadth of this shadow is varia- 
ble ; and, if it be not accurately determined by calculation, it 
is impossible to tell by the globe to what extent an eclipse of 
the sun will be visible. 
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Example. On the 11th of February 1804, at 
twenty-seven minutes past ten o'clock in the 
morning at London, there was an eclipse of the 
sun*; where was it visible, supposing the moon's 
penumbral shadow to extend northward seventy 
degrees from the place where the sun was verti- 
cally eclipsed ? ' 

Answer. London, &c. 



PROBLEM XLV. 

The day and hour being given when a lunar eclipse 
will happen, to find where it will be visible. 

Rule. Find the sun's declination for the given, 
day, and note whether it be north or south ; if it 
be north, elevate the south pole so many degrees 
above the horizon as are equal to the declination; 
if it be south, elevate the north pole in a similar 
manner; bring the place at which the hour is 
given, to that part of the brass meridian which is 
numbered from the equator towards the poles, 
and set the index of the hour circle to twelve; 
then, if the given time be before noon, turn the 
globe westward as many hours as it wants of noon ; 
if after noon, turn the globe eastward as many 
hours as it is past noon ; the place exactly under 
the degree of the sun's declination will be the 
antipodes of the place where the moon is verti- 
cally eclipsed. Set the index of the hour circle 
again to twelve, and turn the globe on its axis 
till^ the index has passed over twelve hours; 
then to all places above the horizon the eclipse 
will be visible ; to those places along the west- 
ern edge of the horizon the moon will rise 
eclipsed; to those along the eastern edge she 
will set eclipsed ; and to that place immediately 
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under the sun's declination the moon will be ver- 
tical!) eclipsed. 

Example. On the 26th of January 1804, at 
fifty-eight minutes past seven in the afternoon, at 
London, there was an eclipse of the moon ; where 
was it visible ? 

Answer. It was visible to the whole of Europe, 
Africa, and the continent of Asia. 



PROBLEM XLVI. 

To explain the phenomenon of the harvest 'moon. 

D< Jinition 1 . The harvest moon in north lati- 
tude, is the full moon which happens at, or near, 
the time of the autumnal equinox ; for to the in- 
habitants of north latitude, whenever the moon 
is in Pisces or Aries, (and she is in these signs 
twelve times in a year,) there is very little differ- 
ence between her times of rising for several nights 
together, because her orbit is at these times nearly 
parallel to the horizon. This peculiar rising of 
the moon passes unobserved at all times of the 
year, except in September and October; for there 
can never be a full moon, except the sun be di- 
rectly opposite to the moon ; and as this particu- 
lar rising of the moon can only happen when the 
moon is in K Pisces or T Aries, the sun must 
necessarily be either in Virgo or Libra at 
that time, and these signs answer to the months 
of September and October, 

Definition 2. The harvest moon, in south lati- 
tude, is the full moon which happens at, or near, 
the time of the vernal equinox ; for, to the in- 
habitants of south latitude, whenever the moon 
is in tgi Virgo or Libra ^, (and she is in these 
signs twelve times in a year,) her orbit is nearly 
parallel to the horizon ; but, when the full moon 
happens in Virgo or £: Libra, the sun must 
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be either in H Pisces or V* Aries* Hence it 
appears (hat the harvest moons are just as regu- 
lar in south latitude as they are in north lati- 
tude, only they happen at contrary times of the 
year, 

Rtde for performing the problem* 1. For north 
latitude. Elevate the north pole to the latitude 
of the place, put a patch or make a mark in the 
ecliptic on the point Aries, and upon every twelve* 
degrees preceding and following that point, till 
there be ten or eleven marks ; bring that mark 
which is the nearest to Pisces to the eastern edge 
of the horizon, and set the index to twelve ; turn 
the globe westward till the other marks succes- 
sively come to the horizon, and observe the hours 
passed over by the index ; the intervals of time 
between the marks coming to the horizon will 
shew the diurnal difference of time between the 
moon's rising. If these marks be brought to the 
western edge of the horizon in the same manner, 
you will see the diurnal difference of time between 
the moon's setting : for, when there is the smallest 
difference between the times of the moon's rising, t 
there will be the greatest difference between the 
times of her setting: and, on the contrary, when 
there is the greatest difference between the times 
of the moon's rising, there will be the least dif- 
ference between the times of her setting. 

Note. As the moon's nodes vary their position 
and form a complete revolution in about nineteen 

* The reason why you mark every twelve degrees is, that 
the moon gains 12° 11' of the sun in the ecliptic every day. 

+ At London wheti the moon rises in the point Aries, the ec- 
liptic at that point makes an angle of only fifteen degrees with 
the horizon ; but, when she sets in the point Aries, it makes an 
angle of sixty-two degrees: and, when the moon rises in the" 
point Libra, the ecliptic, at that point, makes an angle of sixty- 
two degrees with the horizon; but, when she sets in the point 
Libra, it only makes an angle of fifteen degrees with the horizon. 
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years, there will be a regular period of all the 
varieties which can happen in the rising and set- 
ting of the moon during that time. The following 
table, (extracted from Ferguson's Astronomy,) 
shews in what years the harvest moons are the 
least and most beneficial, with regard to the times 
of their rising, from 1 805 to 1 860. The columns 
of years under the letter L, are those in which 
the harvest moons are the least beneficial, because 
they fall about the descending node ; and those 
under M are the most beneficial, because they 
fall about the ascending node. 

L L L L M M MM 

1807 1814 1831 1847 
IttOS 1815 1832 1848 



1809 1826 1833 1849 

1810 1827 1834 1850 

1811 1828 1844 1851 

1812 1829 1845 1852 

1813 1830 1846 



7 805 1822 1838 1854 

1306 1823 1839 1855 

1816 1824 1840 1856 

1817 1825 1841 1857 

1818 1835 1842 1858 

1819 1836 1843 1859 

1820 1837 1853 1860 
1821 



PROBLEM XLVII. 

- 

The day and hour of an eclipse of any one of the 
satellites of Jupiter being given, to find upon 
the globe all those places where it will be visible. 

Rule. Find the sun's declination for the given 
day, and elevate the pole to that declination ; 
bring the place at which the hour is given to the 
brass meridian, and set the index of the hour 
circle to twelve ; then, if the given time be before 
noon, turn the globe westward as many hours as 
it wants of noon ; if after noon, turn the globe 
eastward as many hours as it is past noon; fix 
the globe in this position : then, 

1. If Jupiter rise after the sun* that is, if he 
be an evening star, draw a line along the* eastern 

«■ 

* Jupiter rises after the sun, when his longitude is greater than 
the sun's longitude. 

13 
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edge of the horizon with a black lead pencil, this 
line will pass over all places on the earth where 
the sun is setting at the given hour; turn the 
globe westward on its axis till as many degrees 
of the equator have passed under the brass me- 
ridian as are equal to the ditierence between the 
sun's and Jupiter's right ascension; keep the 
globe from revolving on its axis, and elevate the 
pole as many degrees above the horizon as are 
equal to Jupiter's declination, then draw another 
line with a pencil along the eastern edge of the 
horizon : the eclipse will be visible to every place 
between these lines, viz. from the time of the 
sun's setting to the time of Jupiter's setting. 

2» If Jupiter rise before the sun,* that is, if he 
be a morning star, draw a line along the western 
edge of the horizon with a black lead pencil, this 
line will pass over all places of the earth where 
the sun is rising at the given hour ; turn the globe 
eastward on its axis till as many degrees of the 
equator have passed under the brass meridian as 
are equal to the difference between the sun's and 
Jupiter's right ascension ; keep the globe from 
revolving on its axis, and elevate the pole as 
many degrees above the horizon as are equal to 
Jupiter's declination, then draw another line with 
a pencil along the western edge of the horizon : 
the eclipse will be visible to every place between 
these lines, viz. from the time of Jupiter's rising 
to the time of the sun's rising* 

Example. On the 1 3th of January 1 805, there 
was an emersion of the first satellite of Jupiter 
at nine minutes three seconds past five o'clock in 
the morning, at Greenwich; where was it visible ? 

Answer. In this example the longitude of the 
sun exceeds the longitude of Jupiter ; therefore 
Jupiter was a morning star, his declination being 

* Jupiter rises before the sun, when his longitude is less than 
the sun's longitude* 
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19° 16' S. and his longitude seven signs 29° 46', 
by the Nautical Almanac s his right ascension 
and the sun's right ascension may be found by the 
globe ; for, if Jupiter's longitude in the ecliptic 
be brought to the brass meridian, his place will 
stand under the degree of his declination ;* and 
his right ascension will be found on the equator, 
reckoning from Aries. This eclipse was visible 
at Greenwich, the greater part of Europe, the 
west of Africa, Cape Verd Islands, &c. 

TABLE OF EQUATION OF TIME. 




* This is on supposition that Jupiter moves on the ecliptic, and, 
as he deviates but little therefrom, the solution, by this method, 
will be sufficiently accurate. To know if an eclipse of any one 
of the satellites of Jupiter will be visible at any place, we are 
directed by Nautical Almanac, to " find whether Jupiter be 8° 
a^ove Hie horizon of the place, and the sun as much below it." 
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Dials may be constructed on al) kinds of planes, 
whether horizontal or inclined : a vertical dial 
may be made to face the south, or any 
point of the compass. To acquire a complete 
knowledge of dialling, the gnomonical pro- 
jection of the sphere, and the principles of spher- 
ical trigonometry, must be thoroughly understood ; 
these preliminary branches may be learned from 
Emerson's Gnomonical Projection, and Keith's 
Trigonometry, The writers on dialling are very 
numerous ; the last and best treatise on the sub- 
ject is Emerson's. 

» 

Problems performedby. the Celestial Globe. 

PROBLEM XLVIII. 

■ 

To Jind the right ascension and declination of the 

sun,* or a star. 

Rule. Bring the sun or star to that part of the 
brass meridian which is numbered from the equa- 
tor towards the poles; the degree on the brass 
meridian is the declination, and the number of 
degrees on the equinoctial, between the brass 
meridian and the point Aries, is the right ascen- 
sion. 

Examples. 1. Required the right ascension 
and declination of k Dvbhe, in the back of the 
great Bear ? 

Answer. Right ascension 162° 49' declination 
62° 48' N. 

2. Required the right ascensions and declina- 
tions of the following stars? 

♦The right ascensions and declinations of the moon and 
the planets, must be found from' an epheineris; because, by 
their continual change of situation, they cannot be placeo", 
on the celestial globe, as the stars are placed. 



Digitized by Gc 



141 



Algenib, in Pagasus. y, Rigtl* in Orioih. 
a, Scheder, in Cassiopeia. |3, Be I la trix, in Orion. 

PROBLEM XLIX. 

To find the latitude and longitude of a star* 

Rule. Place the upper end of the quadrant of 
altitude on the north or south pole of the ecliptic, 
according as the star is on the north or south side 
of the ecliptic, and move the other end till the 
star comes to the graduated edge of the quadrant ; 
the number of degrees between the ecliptic and 
the star is the latitude : and the number of de- 
grees on the ecliptic, reckoning eastward from the 
point Aries to the quadrant, is the longitude. 

Examples. 1. Required the latitude and longi- 
tude of « Aldebaran in Taurus ? 

Answer. Latitude 5° 28' S. Longitude 2 signs 
6° 53'; or 6° 53' in Gemini. 

2. Required the latitudes and longitudes of the 
following stars ? 

*, Markab, inPegasus. *, Vega, in Lyra. 

/3, Scheat, in Pegasus, y, Rastaben, in Draco. 

PROBLEM L. 

- 

The right ascension and descension of a star, the 
moon, a planet, or of a comet, being given, to 
find its place on the globe* 

* 

Rule. Bring the given degree of right ascen- 
sion to that part of the brass meridian which is 
numbered from the equinoctial towards the poles $ 
then, under the given declination on the brass 
meridian, you will find the star, or place of the 
planet* 

* The latitudes and longitudes of the planets must be found 
by an ephemeris. 

is* 
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Examples. 1. What star has 261° 29' of right 
ascension, and 52° 27' north declination ? 
Answer. j8 in Draco, 

2. On the 20th of August 1 805, the moon's 
right ascension was 91° 3', and her declination 
24° 48' ; find her place on the globe at that time. 

Answer. In the milky way, a little above the 
left foot of Castor. 

3. What stars have the following right ascen- 
sions and declinations ? 

Right Ascensions. Declinations. Right Ascensions. Declinations. 

7° 19' 55° 26' N. 83° 6' 34° 11' S. 
11 11 59 38 N. 86 13 44 55 N. 
25 54 19 SO N. 99 5 16 26 S. 

PROBLEM LI. 

The latitude and longitude of the moon, a star, or 
a planet, given, to find its place on the globe. 

Rule. Place the division of the quadrant of 
altitude marked O, on the given longitude in the 
ecliptic, and the upper end, on the pole of the 
ecliptic ; then under the given latitude, on the 
graduated edge of the quadrant, you will find the* 
star, or place of the moog, or planet. 

Examples. 1. What star has 0 signs 6° 16' of 
longitude, and 12° 36' N. latitude? 

Answer, y in Pegasus. 

2. On the 5th of June 1810, at midnight, the 
moon's longitude was 3». 26° 26', and her latitude 
4° 55' S. ; find her place on the globe. 

3. What stars have the following latitudes and 
longitudes ? 

Latitudes. Longitudes. Latitudes. Longitudes. 

12° 35' S. I s 11° 25' 39° 33' S. 3* 11° 13' 
5 29 N. 2 6 53 10 4 N. 3 17 21 

4. On the first of June 1810, the longitudes 
and latitudes of the planets were as follow : re- 
quired their places on the globe ? 

i 
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Longitudes. Latitudes. 

% 2 14° T 0° 32 N. 
\ 8 12 20 1 47 N. 



Longitudes. Latitudes. 

y. 1M5' 47 0° 56' S. 

» 



PROBLEM LIU 

The day qnd hour, and the latitude of a place be- 
ing given, to find what stars are rising, setting, 
culnjinating, <&c. 

Rule* Elevate the pole to the latitude of the 
place, find the sun's place in the ecliptic, bring it 
to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the time be before 
noon turn the globe eastward on its axis till the 
index has passed over as many v hours as the time 
wants of noon ; but, if the time be past noon, 
turn the. globe westward till the index has passed 
over as many hours as the time is past noon : 
then all the stars on the eastern semi-circle of the 
horizon will be rising, those on the western semi- 
circle will be setting, those under the brass me- 
ridian above the horizon will be culminating, 
those above the horizon will be visible at the 
given time and place, those below, will be invisi- 
ble* If the globe be turned on its axis from east 
to west, those stars which do not go below the hor- 
izon never set at the given place ; and those which 
do not come above the horizon never rise ; or, if 
the given latitude be subtracted from 90 degrees, 
and circles be described on the globe, parallel to 
the equinoctial, at a distance fropn it equal to the 
degrees in the remainder, they will be the circles 
of perpetual apparition and occultation. 

Examples. 1. On the 9th of February, when it 
is nine o'clock in the evening at London, what 
stars are rising, what stars are setting, and what 
stars are on the meridian ? 
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Answer* Alphacca in the northern Crown is 
rising; Arcturus and Mirach in Bootes just 
above the horizon ; Sirius on the meridian; Pro- 
cyon and Castor and Pollux a little east of the 
meridian. The constellations Orion, Taurus, and 
Auriga, a little west of the meridian ; Markab, 
in Pegasus, just below the western edge of the 
horizon, &c. 

2. On the 20th of January, at two o'clock in 
the morning at Boston, what stars are rising, 
what stars are setting, and what stars are on the 

iIiLllUldLIl • 

♦ 

PROBLEM LIU. 

The latitude of a place, day of the month, and hour 
being given, to place the globe in such a manner 
as to represent the heavens at that time ; m or* 
der to find out the relative situations and name* 
of the constellations and remarkable stars. 

Rule. Take the globe out into the open air, on 
a clear star- light night, where the surrounding 
horizon is uninterrupted by different objects ; ele- 
vate the pole to the latitude of the place, and set 
the globe due north and south by a meridian line, 
or by a mariner's compass, taking care to make a 
proper allowance for the variation ; find the sun's 
place in "the ecliptic, bring it to the brass men* 
dian, and set the index of the hour circle to IS; 
then, if the time be after noon, turn the globe 
westward on its axis till the index has passed 
over as many hours as the time is past noon; 
but, if the time be before noon, turn the globe 
eastward till the index has passed over as many 
hours as the time wants of noon ; fix the globe in 
this position, then the flat end of a pencil being 
placed on any star on the globe, so as to point 
towards the centre, the other end will point to 
that particular star in the heavens. 
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PROBLEM LIV. 

To find when any star, or planet, will rise, come 
to the meridian, and set at any given place* 

Rule. Elevate the pole so many degrees above 
the hprizon as are equal to the latitude of the 
place ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the 
hour circle to twelve; bring the star, (or the 
planet's place*) to the eastern part of the horizon, 
and the hours between the sun's place and the 
brass meridian, will be the time from noon when 
the star or planet rises. If the sun's place be to 
the east of the brass meridian, the star or planet 
will rise before noon ; if the sun's place be to the 
west of the brass meridian, the star or planet will 
rise after noon. In a similar manner, by bringing 
the star or planet to the meridian, and western 
part of the horizon, you will have the times of its 
culminating and setting. 

Examples* 1. At what time will Arcturus rise, 
come to the brass meridian, and set at London, 
on the 7th September? 

Answer* It will rise at seven o'clock in the 
morning, come to the meridian at three in the af- 
ternoon, and set at eleven o'clock at night. 
. 2. On the first of August 1805, the longitude 
of Jupiter was seven signs, twenty-six degrees, 
thirty-four minutes, and his latitude forty-five 
minutes, N. ; at what time did he rise, culminate, 
and set, at Greenwich, and whether was he a 
morning or an evening star ? 

Answer. Jupiter rose at half past two in the 
afternoon, came to the meridian at about ten min- 
utes to seven, and set at a quarter past eleven in 

■ 

* The latitude and longitude (or the right ascension and 
declination) of the planet, must be taken from an ephemeiig. 
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the evening* Here Jupiter was an evening star, 
because he set after the sun. 

3. At what time does Sirius rise, set, and come 
to the meridian of Boston, on the 31st of Janu- 
ary ? 

PROBLEM JLV. 

To find the amplitude of any star, its oblique as* 
cension and descension, ana its diurnal arch, for 
any given day. 

Rule. Elevate the pole to the latitude of the 
place, and bring the given star to the eastern part 
of the horizon ; then the number of degrees be* 
tween the star, and the eastern point of the hori- 
zon will be its rising amplitude ; and the degree 
of the equinoctial cut by the horizon will be the 
oblique ascension : set the index of the hour circle 
to twelve, and turn the globe westward till the 
given star comes to the western edge of the hori- 
zon ; the hours passed over by the index will be 
the star's diurnal arch, or continuance above the 
horizon. The setting amplitude will be the num- 
ber of degrees between the star and the western 
point of the horizon, and the oblique descension 
will be represented by that degree of the equi- 
noctial which is intersected by the horizon, reck- 
oning from the point Aries. 

Examples. 1. Required the rising and setting 
amplitude of Sirius, its oblique ascension, oblique 
descension, and diurnal arch, at London ? 

Answer. The rising amplitude is twenty-seven 
degrees to the south of the east; setting amplitude 
twenty-seven degrees south of the west ; oblique 
ascension 120 degrees; oblique descension seven- 
ty-seven degrees ; and diurnal arch nine hours six 
minutes. 
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2. Required the rising and setting amplitude 
of Aldebaran, its oblique ascensiop, oblique de- 
scension, and diurnal arch, at Loudon ? 

PROBLEM LVI. 

The latitude of a place given, to find the time of 
the year at which any known star rises or sets 
achronically, that is, when it rises or sets at 
sun setting. 

Rule. Elevate the pole to the latitude of the 
place, bring the given star to the eastern edge 
of the horizon, and observe what degree of the 
ecliptic is intersected by the western edge of the 
horizon, the day of the month answering to that 
degree will show the time when the star rises at 
sun-set, and consequently, when it begins to be 
visible in the evening. Turn the globe westward 
on its axis till the star comes to the western edge 
of the horizon, and observe what degree of the 
ecliptic is intersected by the horizon, as before 5 
ihe day of the month answering to that degree, 
will show the time when the star sets with the 
sun, or when it ceases to appear in the evening* 

Examples. 1. At what time does Arcturus rise 
achronically at Ascra in Boeotia, the birth place 
of Hesiod ; the latitude of Ascra, according to 
Ptolemy, being thirty-eight degrees forty-five min- 
utes, N. ? 

Answer* When Arcturus is at the eastern part 
of the horizon, the eleventh degree of Aries 
will be at the western part, answering to the first 
of April, the time when Arcturus rises achroni- 
cally : and it will set achronically on the 30th of 
November. 

2. At what time of the year does Aldebaran 
rise achronically at Athens, in thirty-eight de- 
grees N. latitude? and at what time of the year 
does it set achronically ? 
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PROBLEM LV1I. 

The latitude of a place given, to find the time of 
the year at which any known star rises or sets 
cosmically ; that is, when it rises or sets at sun 
rising* 

Rule. Elevate the pole to the latitude of the 
place, bring the given star to the eastern edge of 
the horizon, and observe what sign and degree 
of the ecliptic are intersected by the horizon ; 
the month and day of the month, answering to 
that sign and degree, will show the time when 
the star rises with the sun. Turn the globe west- 
ward on its axis, till the star comes to the west- 
ern edge of the horizon, and observe what sign 
and degree of the ecliptic are intersected by the 
eastern edge, as before ; these will point out, on 
the horizon, the time when the star sets at sun- 
rising. 

Examples* 1 . At what time in the year do the 
Pleiades set cosmically at Miletus in Ionia, the 
birth place of Thales ; and at what time of the 
year do they rise cosmically ; the latitude of Mil- 
etus, according to Ptolemy, being thirty-seven de- 
grees N. ? 

Answer. The Pleiades rise with the sun on the 
10th of May, and they set at the time of sun-ris- 
ing on the 22d of November. . 

2. At what time of the year does Sirius rise with 
the sun at London ; and at what time of the year 
will Sirius set when the sun rises ? 

PROBLEM LVIII. 

To find the time of the year when any given star 

rises or sets heliacally. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude on the 
orass meridian over that latitude ; bring the given 
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star to the eastern edge of the horizon, and move 
the quadrant of altitude till it intersects the eclip- 
tic twelve degrees below the horizon, if the star 
be of the first magnitude ; thirteen degrees, if the 
star be of the second magnitude ; fourteen de- 
grees, if it be of the third magnitude, &c. : the 
point of the ecliptic, cut by the quadrant, will 
show the day of the month, on the horizon, when 
the star rises heliacal!) . Bring the given star to 
the western edge of the horizon, and move the 
quadrant of altitude till it intersects the ecliptic 
below the western edge \>f the horizon, in a simi- 
lar manner as before ; the point of the ecliptic, 
cut by the quadrant, will show the day of the 
month, on the horizon, when the star sets helia- 
cally. 

Examples, 1 • At what time does 0 Tauri, or 
the bright star in the Bull's Horn, of the second 
magnitude, rise and set heliacally at Rome ? 

Answer. The quadrant will intersect the third 
of Cancer thirteen degrees below the eastern hori- 
zon, answering to the* 24th of June;, and the 
seventh of Gemini thirteen degrees below the 
western horizon, answering to the 28th of May. 

2. At what time in the year does Sirius, or the 



and at what time does it set heliacally at the same 
place ? 

Answer. The latitude of Alexandria is thirty- 
one degrees thirteen minutes north ; the quadrant 
will intersect the twelfth of Leo, twelve degrees 
below the eastern horizon, answering to the 4th 
of August ; and the second of Gemini, twelve de- 
grees below the western horizon, answering to the 
23d of May. 

3. At what time of the year does Arcturus rise 
heliacally at Jerusalem, and at what time does it 
set heliacally ? 

14 
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PROBLEM LIX. 

To illustrate the precession of the equinoxes. 

Observations. All the stars in the different con- 
stellations continually increase in longitude ; con- 
sequently, either the whole starry heaven has a 
slow motion from west to east, or the equinoc- 
tial points have a slow motion from east to west. 
In the time of Meton, the first star in the con- 
stellation Aries, now marked j3, passed through 
the vernal equinox, whereas it is now upwards of 
thirty* degrees to the eastward of it. 

Illustration. Elevate the north pole ninety de- 
grees above the horizon, then will the equinoctial 
coincide with the horizon ; bring the pole of the 
ecliptict to that part of the brass meridian which 
is numbered from the north pole towards the 
equinoctial, and make a mark upon the brass 
meridian above it; let this mark be considered 
as the pole of the world, let the equinoctial re- 
present the ecliptic, and let the ecliptic be con- 
sidered as the equinoctial ; then count 38 i de- 
grees, the complement of the latitude of London 
from this pole upwards, and mark where the 
reckoning ends, which will be at seventy-five de- 
grees, on the brass meridian, from the southern 
point of the horizon; this mark will stand over 
the latitude of London. 

Now, turn the globe gently on its axis from east 
to west, and the equinoctial points will move 
the same way, while at the same time, the pole 

* If the precession of the equinoxes be 50 1-4'.' in a year, 
and if the equinoctial colli re passed through 0 Ariet l s, 430 years 
before Christ, the longitude of this star ought now (1821) to be 
31° 10' 53" ; for, one year : 50 1-4" : : 2234 years, (=430 
+1821) : 31° 25' 13", and this longitude is not far from the 
truth. 

+ The pole of the ecliptic is that point on the globe where 
the circular lines meet. 
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of the world* will describe a circle round the pole 
of the ecliptict of 46° 56 in diameter ; this circle 
will be completed in a Platonic}: year, consisting of 
25,791 years, at the rate of 50J seconds in a year, 
and the pole of the heavens will vary its situa- 
tion a small matter every year. When 12,895* 
years, being half the platonic year, are completed 
(which may be known by turning the globe half 
round, or till the point Aries coincides with the 
eastern point of the horizon,) that point of the 
heavens which is now 84 degrees south of the 
zenith of London will be the north pole, as may 
be seen by referring to the mark which was made 
over seventy-five degrees on the meridian. 

■ 

PROBLEM LX. 

To find the distances of the stars from each other 

in degrees. 

Rule. Lay the quadrant of altitude over any 
two stars, so that the division marked O may be on 
one of the stars; the degrees between them will 
shew their distance, or the angle which these stars 
subtend, as seen by a spectator on the earth. 

Examples. 1. What is the distance between 
Vega in Lyra, and Altair in the Eagle ? 

Answer. Thirty-four degrees. 

2. Required the distance between in the Bull's 
Horn, and y Bellatrix in Orion's shoulder? 

3. What is the distance between fi in Pollux, 
and * in Procyon ? 

r 

* Let it be remembered thai the pole of the ecliptic on the 
globe here represents the pole of the world. 

t Take notice that the extremity of the globe's axis here 
represents the pole of the ecliptic. 

J A Platonic year is a period of time determined by the 
revolution of the equinoxes: this period being once com* 
pleted, the ancients were of opinion, that the world was to 
begin anew, and th« game series of things to return cVet 
again. 
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PROBLEM LXU 

To find what stars lie in or near the moon?s path, 
or zvhat stars the moon can eclipse, or make a 
near approach to. 

Rule. Find the moon's longitude and latitude,* 
or her right ascension and declination, in an 
epheraeris, for several days, and mark the moon's 
places on the globe, then by laying the thread or 
quadrant of altijtude over these places, you will 
«ee nearly the moon's path,* and, consequently, 
what: stars lie in her way. 

Examples. 1. What stars were in, or near, 
the moon's path, on the I Oth, Hth, 13th, and 
J 6th December 1806 ? 

10th, « 's longitude a 20° 12' lat. 3° 34' S. 

lit!), ty 4 22 4 26 S, 

13th, ft 1 39 5 15 S f 

16th, nt 10 11 4 26 S. 

Antmr. The stars will be found to be Cor 
Lewis or Regulu*, Spkft Virginia « in Libra, 

2. On tte 16th, 17th, 18th, and 19tb of May 
1810. what sura will lie near the moon's way? 
J6th, < 's right ascen. 206° 47', declin. 9° 42 S. 
17th, 220 43 13 14 S. 

18th,- 236 22 16 3 S. 

19th, 250 38 17 53 S. 



* The situation of the moon's orbit for any particular day 
may be found thus : find the place of the moon's ascending 
node, in the Ephemeris, mark that place and its antipodes 
(being the descending node) on the globe; half the way be- 
tween these points, make marks 5° 20' on the north and 
south side of the ecliptic, viz. let the northern mark between 
the ascending and descending node, and the southern be- 
tween the descending and ascending node ; a thread tied 
round these four points, will shew the position of the moon's 
orbit. 
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PROBLEM LXU. 

Given the latitude of the places and the day of the 
month, to Jind what planets will be above the 
horizon after sun setting. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place; find the sun's place in the ecliptic, and 
bring it to the western part of the horizon, or to 
ten or twelve degrees below ; then look in the 
Ephemeris for that day and month, and you will 
find what planets are above the horizon ; such 
planets will be fit for observation on that night. 

Example* Were any of the planets visible after 
the sun had descended ten degrees* below the 
horizon of London, on the 1st of December 1805? 
their longitudes being as follow : 
5 8» 22° 30' % 8 s 15° 27' d 's longitude 

9 9 23 40 h 6 24 50 at midnight 

% 8 25 21. 9 6 24 5 O^ 0 . 

Answer. Venus and the moon were visible. 

PROBLEM LXlir. 

Given the latitude of the place, day of the month, 
and hour of the night and morning, to Jind 
what planets will be visible at that hour. 

Rule. Elevate the pole so many degrees above 
the horizon, as are equal to the latitude of the 
place ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the given time be 

* The planets are not visible, till the sun is a certain num 
ber of degrees below the horizon, and these degrees are 
variable according to the brightness of the planets. Mer- 
cury becomes visible when the sun is about ten degrees be- 
low the horizon; Venus, when the suirs depression is five 
degrees; Mars 11° 30'; Jupiter 10°; Saturn 11° and the 
Georgian 17° 30'. 

14 * 
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before noon, turn the globe eastward till the ' 
index has passed over as many hours as the time 
wants of noon; but, if the given time be past 
noon, turn the globe westward on it* axis till the 
index has passed over as many hours as the time 
is past noon ; let the globe rest in this position, 
and look in the Ephemeris for the longitudes of 
the planets, and, if any of them be in the signs 
which arc above the horizon, such planets will be 
visible* 

Example* On the first of December 1805 t 
the longitudes* of the planets, by an ephemeris. 
were as follows : were any of them visible at Lon? 
don at five o'clock in the morning ? 
$ 8 s 22° 30' % 8 15° 27' < 's longitude 

9 9 23 40 V 6 24 50 midnight at 

% 8 25 21 V 6 24 5 0« 9° 15' 

Answer. Saturn and the Georgium Sidus were 
visible, and both nearly in the same point of the 
heavens, near the eastern horizon; Saturn was 
a little to the north of the Georgian. 

r 

PROBLEM LXIV. 

The latitude of the place and day of the month 
given, to find how long Venus rises before the 
sun when she is a morning star, and how long 
she sets after the sun when she is an evening 
star. 

Rule* Elevate the pole so many degrees above 
the horizon, as are equal to the latitude of the 
place ; find the latitude and longitude of Venus 
in an ephemeris, and mark her place on the 
globe ; find the sun's place in the ecliptic, bring 

* It is not neccessary to give the latitudes of the planets in 
this problem ; for, if the signs and degrees of the ecliptic 
in which their longitudes are situated be above the horizon, 
the planets will likewise be above the horizon. 
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it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the place of Venus 
be to the right band of the meridian, she is an 
evening star) if to the left band, she is a morning 
star. 

fvhem Venus is an evening star. Turn the globe 
westward till the sun comes to the western edge 
of the horizon ; the hours passed over by the 
index will be the time from noon when the sun 
sets, continue the motion of the globe westward 
till Venus comes to the western edge of the hori- 
zon, and the hours passed over by the index will 
be the time from noon when Venus sets : the dif- 
ference between ttjese times will shew how long 
Venus sets after the sun* 

fVhyi Venus is a morning star. Turn the globe 
eastward on its axis, till the sun comes to the 
eastern edge of the horizon ; the hours passed 
over by the index will be the time which the sun 
rises before noon: continue the motion of the 
globe eastward till Venus comes to the eastern 
edge of the horizon, and the hours passed over 
by the index will be the time which the sun rises 
before noon : the difference between these times 
will shew Iiqw long Venus rises before the sun. 

Note* The same rule will serve for Jupiter, hy 
marking his place instead of that of Venus. 

Examples. 1 • On the first of March 1 805, the 
longitude of Venus was ten signs, eighteen de- 
grees, fourteen minutes, or eighteen degrees, four* 
teen minutes in Aquarius, latitude 0 degree, fifty- 
two minutes south ; was she a morning or an 
evening atar ? If a morning star, bow long did she 
rise before the sun at London ; if an evening star, 
how long did she shine after the sun set ? 

Answer. Venus was a morning star; the sun 
rose' 5 J hours before noon, or at half past 6 ; and 
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Venus rose about 61 hours before noon, or at 
three quarters past 5 ; consequently, Venus rose 
three quarters of an hour before the sun. 

2. On the 25th of October 1805, the longitude 
of Jupiler was eight signs, seven degrees, twenty- 
six minutes, or seven degrees, twenty-six minutes 
in Sagittarius, latitude 0 degrees, twenty-nine min- 
utes north : whether was he a morning or an 
evening star? If a morning star, how long did he 
rise before the sun at London ; if an evening star, 
how long did he shine after the sun set ? - 

•Answer. Jupiter was an evening star; the sun 
set at 5 o'clock, and Jupiter set about twenty 
minutes after six : consequently, he set one hour 
and twenty minutes after the sun. 

PROBLEM LXV. 

The latitude of the place and day of the month* 
being given, to find the meridian altitude of any 
star or planet. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
given place ; then, 

For a star. Bring the given star to that part of 
the brass meridian which is numbered from the 
equator towards the poles ; the degrees on the 
meridian contained between the star and the hori* 
zon will be the altitude required. 

For the moon or a planet. Look in an epheme* 
ris for the planet's latitude and longitude, or for 
its right ascension and declination, for the given 
month and day, and mark its place on the globe ; 
bring the planet's place to the brass meridian ; and 
the number of degrees between that place and 
the horizon, will be the altitude. 

* 

* The meridian altitudes of the stars on the globe, in the 
same latitude, are invariable; therefore, when the meridian 
altitude of a star is sought the day of the month need not be at- 
tended to. 
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Examples. 1. What is the meridian altitude of 
Aldebaran in Taurus, at London ? 
Answer. 54° 36'. 

2. What is the meridian altitude of Arcturus 
in Bootes, at London ? 

3. On the first of September 1810, the longi- 
tude of Mars was 4 signs 14 degrees 41 minutes, 
and latitude 1 degree 9 minutes north ; what was 
his meridian altitude at Cambridge ? 

PROBLEM LXVI. 

To find all those places on the earth to which the 
moon will be nearly vertical on any given day. 

Rule. Look in an ephemeris for the moon's 
latitude and longitude for the given day, and mark 
her place on the glob#; bring this place to that 
part of the brass meridian which is numbered 
from the equator towards the poles, and observe 
the degree above it ; for all places on the earth 
having that latitude will have the moon vertical, 
or nearly so, when she comes to their respective 
meridians* 

Examples. 1. On the 15th of October 1805, 
the moon's longitude at midnight was 3 signs 29 
degrees 1 4 minutes, and her latitude 1 degree 35 
minutes south; over what places did she pass 
nearly vertical ? 

Answer. From the moon's latitude and longi- 
tude being given, her declination may be found 
by the globe to be about 1 9° north. The moon 
was vertical at Porto Rico, St. Domingo, the north 
of Jamaica, Owhyhee, &c. 

2. On the 20th of December 1810. the moon's 
longitude at midnight was 6 signs 20 degrees, and 
her latitude 1 degree 5 minutes north, over what 
places on the earth did she pass nearly vertical? 
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PROBLEM LXVII. 

Given the latitude of a place, the day of the months 
and the altitude of a star, to find the hour of the 
night, and the star's azimuth. 

Rule* Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude upon 
the brass meridian over that latitude; find the 
sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to 
twelve ; bring the lower end of the quadrant of 
altitude to that side of the meridian* on which 
the star was situated when observed ; turn the 
globe westward till the centre of the star cuts the 
given altitude on the quadrant; count the hours 
which the index has passed over, and they will 
show the time from noon when the star has the 
given altitude: the quadrant will intersect the 
horizon in the required azimuth* 

Examples. 1. At London, on the 28th of De- 
cember, the star Deneb in the Lion's tail, marked 
/3, was observed to be 40 degrees above the hori- 
zon, and east of the meridian, what hour was it, 
and what was the star's azimuth? 

Answer. By bringing the sun's place to the 
meridian, and turning the globe westward on its 
axis till the star cuts 40 degrees of the quadrant, 
east of (he meridian, the index will have passed 
over 14 hours; consequently, the star has 40 de- 
grees of altitude east of the meridian, 14 hours 
from noon, or at two o'clock in the morning. 1U 

* It is necessary to know on which side of the meridian the 
tftar is at the time of observation, because it will have the same 
altitude on both sides of it. Any star may be taken at pleasure, 
but it i« best to take one not too near the meridian, because for 
sometime before the star comes to the meridian, and after jt 
has passed it, the altitude vanes very little. 
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azimuth will he 62 4 degrees from the south to- 
wards the east. 

2. At London, on the 28th of December, the 
star, |3, in the Lion's tail, was observed to be west* 
ward of the meridian, and to have 40 degrees of 
altitude ; what hour was it, and what was the 
star's azimuth ? 

Answer* By turning the globe westward on its 
axis till the star cuts 40 degrees of the quadrant, 
west of the meridian, the index will have passed 
over 20 hours ; consequently, the star has 40 de- 
grees of altitude west of the meridian, 20 hours 
from noon ; or eight o'clock in the morning* Its 
azimuth will be 624 degrees from the south to- 
wards the west. 

3. At London, on the 1st of September, the al- 
titude of Benetnach in Ursa Major, marked >j, was 
observed to be 36 degrees above the horizon, and 
west of the meridian ; what hour was it, and what 
was the star's azimuth ? 

4. On the 21st of December the altitude of 
Sirius, when west of the meridian at London, was 
observed to be 8 degrees above the horizon ; what 
hour was it, and what was the star's azimuth ? 

5. On the 12th of August, Menkah in the 
Whale's jaw, marked x, was observed to|be 37 de- 
grees above the horizon of London, and east- 
ward of the meridian-, what hour was it, and 
what was the star's azimuth ? 

PROBLEM LXV1II. 

Given the latitude of a place, day of the month, 
and hour of the day, to find the altitude of any 
star, and its azimuth. 

Rule. Elevate the pole so many degrees above 
the horizon as arc equal to the latitude of the 
place r and screw the quadrant of altitude upon 
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the brass meridian over that latitude ; find the sun's 
place in the ecliptic, bring it to the brass meridian, 
and set the index of the hour circle to twelve ; 
"then, if the given time be before noon, turn the 
globe eastward on its axis till the index has pass- 
ed over as many hours as the time wants of noon ; 
if the time be past noon, turn the globe westward 
till the index has passed over as many hours as 
the time is past noon : let the globe rest in this 
position, and move the quadrant of altitude till 
its graduated edge coincides with the centre of 
the given star; the degrees on the quadrant, from 
the horizon to the star, will be the altitude ; and 
the distance from the north or south part of the 
brass meridian to the quadrant, counted on the 
horizon, will be the azimuth from the north or 
south. 

Examples* 1. What are the altitude and azi- 
muth of Capella, at Rome, when it is five o'clock 
in the morning on the second of December? 

Answer. The altitude is 41 degrees 58 minutes 
and the azimuth CO degrees 50 minutes from the 
north towards the west. 

2. Required the altitude and azimuth of Altair 
in Aquila, on the 6th of October, at nine o'clock 
in the evening, at London ? 

3. On what point of the compass does the star 
Aldebaran bear at the Cape of Good Hope, on 
the fifth of March, at a quarter past eight o'clock 
in the evening ; and what is its altitude ? 

Answer. The azimuth is 49 degrees 52 minutes 
from the north, and its altitude is 22 degrees 30 
minutes. 

■ 

4. Required the altitude and azimuth of Al- 
cyone in the Pleiades, marked >j, on the 21st of 
December, at four o'clock in the morning, at 
London ? 
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PROBLEM LXHU 

Qiven the latitude of a place, day of the month, and 
azimuth of a star, to find the hour of the night 
and the star s altitude. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude upon the 
brass meridian over that latitude ; find the sun's 
place in the ecliptic, bring it to the brass meridian, 
and set the index of (he hour circle to twelve ; bring 
the lower end of the quadrant of altitude to coincide 
with the given azimuth on the horizon, and hold 
it in that position ; turn the globe westward till 
the given star comes to the graduated edge of the 
quadrant, and the hours passed over by the index 
will be the time from noon ; the degrees on the 
quadrant, reckoning frorfi the horizon to the star, 
will be the altitude* 

Examples* 1. At London, on the 28th of De- 
cember, the azimuth of Deneb in the Lion's tail, 
marked (3, was 62 J degrees from the south towards 
the west; what hour was it, and what was the 
star's altitude ? 

Answer. By turning the globe westward on its 
axis the index will pass" over 20 hours before the 
star intersects the quadrant ; therefore the time 
will be 20 hours from noon, or eight oVlock in 
the morning; and the star's altitude will be 40 
degrees. 

2. At London, on the fifth of May, the azimuth 
of Cor Leonis, or Regulus, marked <x, was 74 de- 
grees from the south towards the west; required 
the star s altitude, and the hour of the night ? 

3. On (he 8th of October, the azimuth of the 
star .marked j3, in (he shoulder of Auriga, was 50 
degrees from the north towards the east ; required 
its altitude at London, and the hour of the night? 

IS 
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4. On the tenth of Septemoer, the azimuth of 
the star marked *, in< the Dolphin, was 20 degrees 
from the south towards the east; required its alti- 
tude at London, and the hour of the night ? 

i 

PROBLEM LXX. 

Two stars being given, the ofie on the meridian, 
and the other on the eyst or west part of the 
horizon, to Jind the latitude of the place. 

Rule. Bring the star which was observed to 
be on the meridian, to the brass meridian ; keep 
the globe from turning on its. axis, and elevate or 
depress the pole till the other star comes to the 
eastern or western part of the horizon ; then the 
degrees from the elevated pole to the horizon will 
be the latitude. 

Examples. 1. When the two pointers of the 
Great Bear, marked cc and /3, or Dubhe and /3, 
were on the meridian, I observed Vega in Lyra 
to be rising ; required the latitude ? 

Answer. Twenty-seven- degrees north. 

2. When Arcturus in Bootes was on the me- 
ridian, Altair in the Eagle was rising ; required the 
latitude ? 

PROBLEM LXXI. 

• < 

The latitude of the place, the day of the month, 
and two stars that have the same azimuth,* 
being given, to find the hour of the night. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude upon 

* To find what stars have the same azimuth. — Let a smooth 
board of about a foot in breadth, and three feet high (or of 
any height you please,) be fixed perpendicularly upon a 
stand, draw a straight line through the middle of the board, 



Digitized by Google 



163 



the brass meridian over that latitude ; find the 
sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to 
one ; turn the globe on its axis from east to west 
till the two given stars coincide with the gradu- 
ated edge of the quadrant of altitude ; the hours 
passed over by the index will show the time from 
noon ; and the common azimuth of the two stars 
will be found on the horizon. 

Examples. 1. At what hour, at London, on the 
first of May, will Altair in the Eagle, and Vega 
in the Harp, have the same azimuth, and what 
will that azimuth be ? 

Answer. By bringing the sun's place to the 
meridian, &c. and turning the globe westward, 
the index will pass over fifteen hours before the 
stars coincide with the quadrant ; hence they will 
have the same azimuth at fifteen hours from noon, 
or at three o'clock in the morning ; and the azi- 
muth will be 42J degrees from the south towards 
the east. 

2. On the 10th of September, what is the hour 
at London when Deneb in Cygnus, and Markab 
in Pegasus, have the same azimuth, and what is 
the azimuth? 

parallel to the sides ; fix a pin in the upper part of this line, and 
make a hole in the board at the lower part of the line ; hang 
a thread with a plummet fixed to ii, upon the pin, and let the 
ball of the plummet move freely in the hole made in the lower 
part of the board ; set this board upon a table in a window, or 
in the open air, and wait till the plummet ceases to vibrate ; 
then look along the face of the board, and those stars which are 
partly hid from your view by the thread will have the same 
azimuth. 
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PROBLEM LXXII. 

The latitude of the place, the day of the month, 
and two stars that have the same altitude, 6c- 
ing given, to find the hour of ihe night. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude upon 
the brass meridian over that latitude ; find the 
sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to 
twelve ; turn the globe on ils axis from east to 
west, till the two given stars coincide with the 
given altitude on the graduated edge of the quad- 
- rant ; the hours passed over by the index will be 
the time from noon when the two stare have that 
altitude. 

Examples. 1. At what hour at London, on 
the second of September, will Markab in Pegasus, 
and a in the head of Andromeda, have each thirty 
degrees of latitude ? 

Answer. At a quarter past eight in the evening. 

2. At what hour at London, on the fifth of 
January, will Menkar in the Whales jaw, and 

Aldebaran in Taurus, have each thirty-five dc« 
drees of altitude? 

PROBLEM LXXIil. 

The altitudes of the two stars having the same 
azimuth, and that azimuth being given, to find 
the latitude of the place. 

Rule. Place the graduated edge of the quad- 
rant of altitude over the two stars, so that each 
star may be exactly under its given altitude on 
the quadrant; hold the quadrant in this position, 
and elevate or depress the pole till the division 
in marked 0, on the lower end of the quadrant, 
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coincides with the given azimuth on the horizon ; 
when this is affected, the elevation of the pole will 
be the latitude* 

Examples. I. The altitude of Arcturus was ob- 
served to be forty degrees, and that of Cor Caroli 
sixty-eight degrees ; their common azimuth at the 
same time was seventy-one degrees from the 
south towards the east; required the latitude? 

Answer. 514 degrees north. 

2. The altitude of e in Castor was observed to 
be thirty degrees, and that of/3 in Procyon twenty 
degrees ; their common azimuth at the same time 
was 73 i degrees from the south towards the east ; 
required the latitude ? 

PROBLEM LXXIV. 

The day of the month being given and the hour 
when any known star rises or sets, to find the 
latitude of the place. 

Rule, Find the sun's place in the ecliptic, 
bring it to the brass meridian, and set the index 
of the hour circle to twelve ; then, if the given 
time be before noon, turn the globe eastward till 
the index has passed over as many hours as the 
time wants of noon; but, if the given time be past 
noon, turn the globe westward till the index has 
passed over as many hours as the time is past 
noon ; elevate or depress the pole till the centre 
of the given star coincides with the horizon ; then 
the elevation of the pole will shew the latitude ? 

Examples. 1. In what latitude does g, Mirach, 
in Bootes rise at half past twelve o'clock at ni<*ht, 
on the 10th of December? 

Answer. 51 i degree north. 

15 * 
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2* In what latitude does Cor Lccmis, or Reg- 
tilue, rise at ten o'clock at night, on the twenty- 
first of January ? » 

PROBLEM LXXV. 

To find on what day of the year any given star 
passes the meridian at any given hour. 

Rule* Bring the given star to the brass meri* 
dian, and set the index to twelve ; then, if the 
given time be before noon,* turn the globe west- 
ward till the index has passed over as many 
hours as the time wants of noon ; but, if the given 
time be past noon, turn the globe eastward till 
the index has passed over as many hours as the 
time is past noon ; observe that degree of the 
ecliptic which is intersected by the graduated 
edge of the brass meridian, and the day of the 
month answering thereto, on the horizon, will be 
the day required. 

Examples. 1. On what day of the month does 
Procyon come to the meridian of London at three 
o'clock in the morning ? 

Answer. Here the time is nine hours before 
noon; the globe must therefore be turned nine 
hours towards the west, the point of the ecliptic 
intersected by the brass meridian will then be the 
9th of / , answering nearly to the first of Decem- 
ber, 

2. On what day of the month, and in what 
month, does a, Alderamin, in Cepheus, come to 
the meridian of Edinburgh at ten o'clock at 
night ? 

* If the given star comes to the meridian at noon, the sun> 
place will be found under the brass meridian, without turning 
the globe; if the given star comes to the meikiian at midnight, 
the globe may be turned cither oabtward or westward till lb* 
index has passei over twelve hour;. 



Digitized by Google 



1 
i 

I 



167 

Answer. Here the time is ten hours after noon j 
the globe must therefore be turned ten hours to- 
wards the east, the point of the ecliptic intersect- 
ed by the brass meridian will then be the 17th 
of njf answering to 9th of September. 

3. On what day of the month, and in what 
month, does (3, Deneb, in the Lion's tail, come to 
the meridian of Dublin at nine o'clock at night ? 

PROBLEM LXXVI. 

The altitude of two stars being given y to find the 

latitude of the place* 

Rule. Substract each star's altitude from ninety 
degrees; take successively the extent of the 
number of degrees contained in each of the re- 
mainders, from the equinoctial with a pair of 
compasses-, with the compasses thus extended, 
place ofte foot successively in the centre of each 
star, and describe arches on the globe with a 
black lead pencil; these arches will cross each 
other in the zenith ; bring the point of intersec- 
tion to that point of the brass meridian which is 
numbered from the equinoctial towards the poles, 
and the degree above it will be the latitude. 

Examples. 1. At in north latitude, I ob- 
served the altitude of Capella to be thirty de- 
grees, and that of Ahlebaran thirty-five degrees ; 
what latitude was 1 in ? 

Answer. With an extent of sixty degrees, 
(=90° — 30°) taken from the equinoctial, and one 
fool of the compass in the centre of Capella, de- 
scribe an arch towards the north ; then with fifty- 
five degrees, (=90° 35°,) taken in a similar man- 
ner, and one foot of the compasses in the centre 
of Aldebaran, describe another arch, crossing the 
former ; the point of intersection brought to the 
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brass meridian will shew the latitude to be 20J 
degrees north. 

2. The altitude of Markabr in Pegasus was 
thirty degrees, and that of Altair in the Eagle at 
the same time, was sixty five degrees; what was 
the latitude, supposing it to be north? 

Answer. Twenty nine degrees north. 

PROBLEM LXXV1I. 

The meridian altitude of a known star being given 
at any place, to find the latitude. 

Rule. Bring the given star to that part of the 
brass meridian which is numbered from the equi- 
noctial towards the poles; count the number of 
degrees in the given altitudp, on the brass meri- 
dian, from the star to.vards the south part of the 
horizon, and mark where the reckoning ends ; 
elevate or depress the pole till this mark coin- 
cides with the south point 6f the horizon, and the 
elevation of the north pole above the north point 
of the horizon will shew the latitude. 

Examples. 1. In what degree of north lati- 
tude is the meridian altitude of Aldebaran 521 
degrees ? 

Answer. Fifty-three degrees, thirty-six minutes 
north. 

2. In what degree of north latitude is the 
meridian altitude of /3, one of the pointers in 
Ursa Major, ninety degrees ? 

| PROBLEM LXXVIII. 

To find the tinie of the moori*s southing, or coming 
to the meridian of any place, on any given day 
of the month. 

Rule. Elevate the pole so many degrees above 
the horizon as are equal to the latitude of the 
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given place ; find the moon's latitude and longi- 
tude, or her right ascension and declination, from 
an ephemeris, and mark her place on the globe ; 
bring the sun's place to the brass meridian, and 
sec the index of the hour circle to twelve ; turn 
the globe westward till the moon's place comes 
to the meridian, and the hours passed over by 
the index will show the time from noon when the 
moon will be upon the meridian. 

PROBLEM LXXIX. 

To determine the place, and describe the path of a 
Comet among the fixed stars. 

Rule. Observe the distance of the comet from 
two fixed stars, where latitudes and longitudes 
are known ; then from the distance thus ascer- 
tained, calculate the places of the comet bj spher- 
ical trigonometry. 

An easy method of finding and tracing out the 
place of a Comet mechanically. 

Rule. Find two stars in the same line with the 
comet, by stretching a thread before the eye over 
all three ; then do the same by two other stars 
and the comet ; this done, take a celestial globe, 
or a planisphere, and draw a line upon it through 
the two former stars, then through the two latter 
ones ; so shall the intersection of the two lines be 
the place of the comet at that time. If this pro- 
cess be repeated every evening, and all the points 
of intersection connected, it will shew the path of 
the comet in the heavens. 
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PROBLEM LXXX. 

To find the Sim's altitude by placing the globe in 

the sunshine. 

Rule. Place the globe on a truly horizontal 
plane, stick a needle perpendicularly over the 
north pole, in the direction of the axis of the 
globe, and turn the pole towards the sun, so that 
the shadow of the needle may fall upon the mid- 
dle of the brass meridian : then elevate or de- 
press the pole till the needle casts no shadow ; 
for then it will point directly to the suri ; the 
elevation of the pole above the horizon will be 
the sun's altitude. 

r 

- 

PROBLEM LXXXf. 

To find the suri*s declination, his place in the 
ecliptic, and his azimuth, by placing the globe 
in the sunshine. 

Rule. Place the globe upon a truly horizontal 
plane, in a north and south direction by a meri- 
dian line, and elevate the pole to the latitude of 
the place ; then, if the sun shine beyond the north 
pole, his declination is as many degrees north as 
he shines over the pole ; if the sun do not shine 
so far as the north pole, his declination is as many 
degrees south as the enlightened part is distant 
from the pole. The sun'* declination being found, 
his place may be determined by Problem XVIII. 

Stick a needle in the parallel of the sun's de- 
clination f6r the given day, and turn the globe on 
its axis till the needle casts no shadow ; fix the 
globe in this position, and screw the quadrant of 
altitude over the latitude; bring the graduated 
edge of the quadrant to coincide with the sun's 
place, or the point where the needle is fixed, and 
the degree on the horizon will show the azimuth. 
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PROBLEM LXXXII. 

To draw a meridian line upon a horizontal plane, 
and to determine the four cardinal points of the 
horizon. 

Rule. Describe several circles from the centre 
of the horizontal plane, in which centre fix a 
straight wire perpendicular to the plane; mark 
in the morning where the end of the shadow 
touches one of the circles ; in the afternoon mark 
where the end of the shadow touches the 
same circle; divide the arch of the circle 
contained between these two points into two 
equal parts; a line drawn from the point of 
division to the centre of the plane will be a true 
meridian, or north and south line,; and, if this 
line be bisected by a perpendicular, that perpen- 
dicular will be an east and west line : thus you 
will have the four cardinal points; but, to be 
very exact, the plane must be truly horizontal, the 
wire must be exactly perpendicular to the plane, 
and the extremity of its shadow must be com- 
pared not only upon one of the circles, as above 
described, but upon several of them. 

PROBLEM LXXXII I. 

To find the time of the year when the sun or moon 
will be liable to be eclipsed. 

Rule. 1. Find the place of the moon's nodes, 
the time of new moon, and the sun's longitude at 
that time, by an ephemeris ;* then, if the sun be 
within seventeen degrees of the moon's node, 
there will be an eclipse of the sun. 

2. Find the place of the moon's nodes, the 
time of full moon, and the sun's longitude at that 
time, by an ephemeris; then, if the sun's longi- 

* White s Ephemeris, or Nautical Almanac. 
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tude be within twelve degrees of the moon's 
nodes, there will bean eclipse of the moon* 

Example. On the 15th of January 1805, there 
was a full moon, at which time the place of the 
moon's node was vf 25° 54', and the suu's longi- 
tude Vf 25° ; did an eclipse of, the moon happen 
at that time ? 

Answer. Here the sun was nearly in the moon's 
node, therefore a total eclipse of the moon took 
place : for, when the sun is in one of the moon's 
nodes at the time of full moon, the moon is in 
the other node, and the earth is directly between 
them •, the moon's place was consequently about 
25° in Cancer, 
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A Table of the Latitudes and Longitudes of some of 
the Principal Places in the World, with the Coun- 
tries in which they are situated.— N. B. The Longi- 
tudes are reckoned from Greenwich Observatory. 



A. 



Jfamea of Place* 

Aberdeen 
Acapulco 



Adrianople 

Adventure Bay 

Alderney I. 

Aleppo 

Alexandretta 

Alexandria 

Algiers 

A He ant 

Araboyna I. 

Amiens 

Amsterdam 

Amsterdam I. 

Anger^ 

Angra 

Annapolis 

Antwerp 

Archangel 

Ascension L 



Country or Sea. 



Scotland 
Mexico 
Sumatra' I. 
Turkey 
New Holland 
English Channel 
Syria 
Syria 

Egypt 

Africa 

Spain 

Moluccas 

France 

Holland 

Ocean 



Athens 

St. Augustine 

St. Augustine 

Cape St. Augustine 

Ava 

Cape Ava 
Avignon 



France 

Tercera Azore I. 

Nova Scotia 

Netherlands 

Russia 

S. Atlantic 

Russia 

Turkey Europe 

Madagascar I. 

East Florida 

Brazil 

Asia 

Japan 

France 

16 



Lot. 
o f 

57 9 N. 
17 10 N. 
5 22 N. 
41 10 N. 

43 23 S. 
49 48 N. 

35 45 N. 

36 35 N. 
31 13 N. 
36 49 N. 
38 21 N. 

4 25 N. 
49 53 N. 
52 22 N. 
21 9 S. 
47 28 N. 

38 39 N. 

44 52 N. 
51 13 N. 
64 34 N. 

7 76 S. 
4(5 21 N. 

39 5 N. 
23 35 S. 
30 10 N. 

8 48 S. 
21 30 N. 
34 45 N. 
43 57 N. 



Long. 

o f 

2 28 W. 
101 45 -W. 

95 40 E. 

26 30 E. 
147 30 E. 

2 15 W. 

37 20 E. 
36 14 E. 
29 55 £. 

2 13 E. 

0 30 W. 
127 20 E. 

2 18 E. 

4 51 E. 
174 46 W. 

0 33 W. 

27 12 W. 
64 5 W. 
4 23 E. 

38 58 E. 
14 21 W. 
43 8 E. 
23 52 E. 
43 8 E. 
81 34 W. 
35 5 W. 

96 0 E. 
140 55 E. 

4 48 E 
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B. 



Names of Places. Country or Sea, Lat. 



Babelmandel Straits 
Babylon (Ancient) 
Balasore 

Banca I. {South End) 
Bantry, Bay 
Barbadoes Island > 
(Bridgetown) J 
Barcelona 
Basil 

Basse Terre 
Bastia 
Batavia 
Bayonne 

Bussora or Bassora 

Bencoolen 

Bergen 

Bilboa 

Blanco (Cape) 
Bombay I. 
Boston 
Botany Bay 
Boulogne 
Bourbon I. 
Bordeaux 
Bremen 
Brest 

Brunswick 

Brussels 

Buda 

Buenos Ayres 
Burgos 



Long. 





o 






o 


t 




Red Sea 


12 


50 


N. 


43 


45 


£. 


Syria 


33 


0 


N. 


42 


46 


£. 


Hindoostan 


21 


20 


•-N. 


86 


0 


£• 


Indian Ocean 


3 


15 


S, 


107 


10 


E. 


Ireland, 


51 


26 


N. 


10 


10 


W, 


Canbb. Seaji ■ 


13 


0 


N. 


49 


50 


w. 


Spain 

* 


41 


23 


N. 


2 


11 


E. 


Switzerland 


47 


35 


N. 


7 


29 


E. 


Gaudaloupe 


15 


59 


N. 


61 


54 


W. 


Corsica 


42 


42 


N. 


9 


25 


E. 


Java I. 


6 


11 


S. 


106 


52 


E. 


France 


43 


29^N. 


1 


30 


W. 


Turkey 

✓ 

Sumatra I. 


30 


45 


t 


47 


0 


E. 


3 


49 




102 


10 


E. 


Norway 


60 


24 


N. 


5 


20 


E. , 


Spain 


43 


26 


N. 


o 

o 


2$ 


W. 


Africa 


20 


55 


N. 


17 


10 


W. 


India 


18 


57 


N. 


72 


38 


E. 


America 


42 


23 


N. 


71 


3 


W. 


New Holland 


34 


0 


S. 


151 


23 


E. 


France 


50 


43 


N. 


1 


47 


E. 


Indian Ocean 


20 


52 


S. 


55 


30 


E. 


France 


44 


50 


N. 


0 


35 


W. 


Germany 


53 


5 


N. 


8 


39 


E. 


France 


48 


23 


N. 


4 


29 


W. 


Germany 


52 


30 


N. 


10 


24 


E. 


Netherlands 


50 


51 


N. 


4 


99 


E. 


Hungary 


47 


40 


N. 


19 


20 


E. , 


S. America 


34 


35 


S. 


58 


31 


W. 


Spain 


42 


20 


N. 


3 


30 


w. 



c. 



Cadiz or Cales Spain 36 31 N. 6 12 W. 

Cagliari Sardinia I. 39 25 N. 9 38 E. 

Cairo Egypt 30 3 N. 31 21 P. 

Calais France 50 57 N. 1 51 E. 

Calcutta Bengal 22 35 N. 88 29 E. 

Calmar Sweden 56 40 N. 16 22 E. 

Cambray Netherlands 50 10 N. 3 13 & 

Cambridge England 52 12 N. 0 4 E. 

Canary I. (N.E. point) Atlantic 28 13 N. 15 39 W. 
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Name* of Place*. Country or Sea. Lat. 



Candia 

Canton 

Carlscrona 

Carthagena 

Carthagena 

Cayenne 

Cherbourgh 

Chvistiana 

Christmas Sound 

St. Christopher's I. 

Civita Vecchia 

Cochin 

Colongne 

Comorin (Cape) 

Constantinople 

Copenhagen 

Cork 

St. Cruz I. 



Candy I. 
China 
Sweden 
Spain 

Terra Firma 

I. of Cayenne 

France 

Norway 

Terra del Fuego 

Caribb. Sea 

Italy 

India 

Germany 

India 

Turkey 

Denmark 

Ireland 

Atlantic Ocean 



o r 

35 19 N. 
23 8 N. 
56 20 N. 
37 37 N. 
10 27 N. 
4 56 N. 

49 38 N. 
59 55 N. 
55 22 S. 
17 15 N. 
42 5 N. 

9 33 N. 

50 55 N. 
7 56 N. 

41 1 N. 
55 41 N. 

51 54 N. 
17 49 N. 



» Long . 
o / 

25 18 £. 
113 2 £. 

15 26 E. 
1 8 W. 

75 27 W. 
3 41 £# 
1 37 W. 

10 48 E. 
70 3 W. 
62 43 W. 

11 44 E. 
75 35 E. 

6 55 £. 
78 5 E. 
28 54 K 
12.35 E. 

8 28 W. 
64 53 W. 



D. 



Dantzic 

Dardanelles' Straits 
Delhi 

St Domingo 

Dover 

Drontheim 

Dublin 

Dunkirk 



Poland 

Turkey 

Hindoostan 

Caribb. Sea 

England 

Norway 

Ireland 

France 



54 22 N. 
40 10 N. 
28 37 N. 
18 20 N. 
51 8 N. 
66 26 N. 
53 21 N. 
51 2 N. 



18 34 E. 
26 26 E. 
77 40 E. 
69 46 W. 

1 18 E. 
10 22 E. 

6 6 W. 

2 22 E. 



E. 



East Cape 

Edinburgh 

Elsinore 

Embden 

Ephesus 



New Zealand 
Scotland 
Denmark 
Germany 
Turkey in Asia 



37 42 S. 174 30 W. 

55 58 N. 3 12 W. 

56 2 N. 12 37 E. 
53 12 N. 7 16 E. 

38 ON. 27 53 E. 



F. 



False Bay 
Farewell (Cape) 
Fayal Town 
Ferro I. (Town) 
Finisterre (Cape) 



Cape of Good Hope 34 10 S. 
Greenland 59 30 N. 

Azore Islands 38 32 N. 
Canary Isles 27 47 N. 

Spain 42 52 N. 



18 33 E. 
42 42 W. 
28 41 W. 
17 46 W. 
9 17 W. 
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Names of Places. Country or Sea. hat. 



Florence 
Flores 

Florida (Cape) 
N. Foreland 
France (Isle, of) 
Francois (Cape)-, 
Funcbal 



Geneva 
Genoa 

St. George Town 
Fort St. George 
Ghent 
Gibraltar 
Go'a I. 

Good Hope (Cape) 
Gottingen (Observ.) 
Greenwich (Obs.) 
Gaudaloupe 
Guernsey 



Haerlem 

Hague 

Halifax 

Hamburgh 

Hanover 

Hatteras (Cape) 

Havre de Grace 

Havannah 

St. Helena (James 

Town) 
La Hogue (Cape) 
Horn (Cape) 





o 






o 


9 




I England 


54 


11 


N. 


0 


19 


E. 


Italy 


43 


46 


N. 


11 


2 


E. 


Azore Islands 


39 


34 


N. 


31 


0 


w. 


S. America 


25 


47 


N. 


80 


35 


W. 


England 


51 


25 


N. 


1 


28 


E. 


Indian Ocean 


20 


27 


a. 


57 


16 


E. 


st. Domingo 


19 


AC 

4b 


AT 


72 


Jo 


w . 


I. of Madeira 


32 


on 

38 


N. 


17 


6 


llr 

w. 








■ 








Switzerland 


46 


12 


N. 


6 


0 


E. 


Italy 


44 

32 


25 


N. 


8 


36 


E. 


Bermudas I. 


22 


N. 


64 


33 


w. 


Or Madras 


13 


5 


N. 


80 


29 


E* 


Netherlands 


51 


3 


N. 


3 


44 


E. 


Spain 


36 


5 


N. 


5_ 


22 


W. 


Malabar Coast 


15 


31 


N. 


73^ 


4*5 


E. 


Africa 


34 


29 


S. 


18 


23 


E. 


I Germany 


51 


32 


N. 


9 


53 


E. 


England 


51 


29 


ivr 


0 


0 




Canbb I. 


1 1 
15 


59 


AT 


b J 


59 


■»«»■ 
w . 


English Channel 


ACk 

49 


OA 

30 


AT 

IN. 


2 


52 


\jir 

vv . 


11. 

« 










■ 




United Frov. 


OX 


cyst 

a 


AT 


A 


Jb 




United Prov. 


52 


4 


N. 


4 


17 


E. 


Nova Scotia 


44 


46 


N. 


63 


27 




Germany 


53 


34 


N. 


9 


55 


E. 


Germany 


52 


22 


jN. 


9 


48 


E. 


N. America 


35 


12 


N. 


76 


5 


W. 


France 


49 


29 


N. 


0 


6 


E. 


Isle of Cuba 


23 


12 


N. 


82 


18 


w. 


Atlantic 


15 


55 


S. 


5 


49 


W. 


France 


49 


45 


N. 


1 


57 


W. 


S. America 


55 


58 


S. 


67 


26 


w. 



I. & J. 



Jackson (Port) 
Janerio (Rio) 
Java Head 
Jerusalem 



New Holland 
Brazil 
I. of Java 
Syria 



33 52 S. 151 19 E. 

22 54 S. 42 44 W. 

6 49 S. 105 14 E. 

31 46 N. 35 20 E« 
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Xamti of Places. Country or Sea Lai. 



Lang. 



Jersey Isle (St. ) 

Aubins) J 
St. John*s 
St. Joseph's 
Islamabad 
Ispahan 

Jodria, or Gidda 
St. Julian (Port) 
Juan Fernandez 



English Channel 49 13 N. 2 12 W. 

Newfoundland 
California 
Hindoos tan 
Persia 
Arabia 
Patagonia 
Pacific Ocean 



47 32 N. 
23 4 N. 
22 20 N. 

32 25 N. 
21 29 N. 
49 10 S. 

33 45 S. 



52 26 W. 
109 42 W. 
91 45 & 
52 50 £. 
39 22 E. 
68 44 W. 
78 37 W. 



K. 



Kamtschatka 
St Kilda 
Koningsberg 



Siberia 

Hebrides 

Prussia 



56 20 N. 1G3 0 E. 

57 47 N. 8 40 W. 
54 43 N. 21 35 E. 



Ladrone I. (Guam) Pacific Ocean 
Land's End England 

Italy 



Leghorn 
Leipsic 
Ley den 
Lima 
Lisbon 
Liverpool 
Lizard 



Germany 
United Prov. 
Peru 
Portugal 
England 
End and 



London (St.PauPs) England 
Louisburg I. of Cape Breton 

St. Lucia Caribb. Sea 



13 10 N. 

50 6 N. 
43 33 N. 

51 19 N. 

52 8 N. 

12 1 S. 
38 40 N. 

53 24 N. 
49 57 N. 
ol 31 N. 
45 54 N. 

13 24 N. 



143 15 E. 

5 54 \V. 
10 16 E. 
12 20 E. 

4 28 E. 
76. 49 W. 

9 10 W. 
3 12 W. 

5 21 W. 
0 6 W. 

59 54 W. 

60 51 W. 



M. 



Macao 


China 


22 13 N. 


113 46 E. 


Macassar 


L of Celebes 


5 9 S. 


119 49 E. 


Madrass 


India 


13 5 N. 


80 29 E. 


Madrid 


Spain 

Mediterranean 


40 59 N. 


3 12 W. 


Majorca I. 


39 35 N. 


2 30 E. 


Melacca 


India 


2 12 N. 


102 5 E. 


Malta 


Mediterranean 


35 54 N. 


14 28 E. 


Manilla 


Philippine Is. 


14 36 JNf. 


120 53 E. 


Marseilles 


France 


43 18 N. 


5 22 E. 


Martinico 


Caribb. Sea 


14 44 N. 


61 21 W 


Mecca 


Arabia 


21 40 N. 


41 0 E. 


Mexico 


America 

16 * 


19 26 N. 


100 6 W 
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Names of Place*. Country or Sea. Lai. . Long. 



Minorca 



Montieal 

Moscow 

Munich 



Italy 

Mediterranean 

Arabia 

Canada 

Russia 

Germany 



45 28 N. 
39 51 N. 
13 44 N. 
45 50 N. 
55 46 N. 



9 12 E. 

3 54 £. 
44 4 E. 
73 11 W. 

37 33 E. 



48 10 N. 11 30 E. 



N. 



Namur 
Nankin 
Nantz 
Naples 
Naze 
Niagara 
'North Cape 



Oleron I. 
St. Omer 
Oporto 



Netherlands 

China 

France 

Italy 

Norway 

Canada 

Lapland* 



O. 



France 
Netherlands 
Portugal 



Orleans (New} Louisiana 
Ortegal (Cape) Spain 
Ostend Netherlands 
Owhyhce (N.end) Sandwich I* 
Oxford (Observ.) England 



P. 



Palermo 

Panama 

Paris (Obser.) 

Pegu 

Pekin 

Petersburg 

Philadelphia 

Pico I. 

Prague 

Providence 



Sicily 

Mexico 

France 

India 

China 

Russia 

America 

Azore Is. 

Bohemia 

America 



Q. 



Quebec 
Quito 



Canada 
Peru 



50 28 N. 4 46 E. 

32 5 N. 118 46 E. 

47 13 N. I 34 W. 

40 50 N. 14 17 E. 

57 58 N. T 3 E. 

43 4 N. 79 8 W. 

71 30 N. 25 57 E. 



46 3 N. 

50 45 N. 
41 10 N. 
29 58 N. 
43 46 N. 

51 14 N. 
18 54 N. 
51 45 N. 



1 25 W. 

2 15 L 
8 27 W. 

89 59 W. 
7 3&W. 
2 56 E. 
155 45 W. 
1 15 W. 



38 10 N. 
8 48 N. 

48 50 N. 
17 0 N. 

39 54 N. 
59 56 N. 
39 57 N. 
38 29 N. 
50 5 N. 
41 51 N. 



13 43 E. 
80 21 W. 

2 20 E. 
9b 58 fc.. 
116 27 E. 
30 19 E. 
75 13 W. 
28 26 W. 

14 24 E. 
71 26 W. 



46 55 N. 69 53 W. 
0 13 S. * 77 55 W. 
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R. 

tfamcs of Places. Country or Sea. Lat. Long. 



Rhodes (I. of) 

Rhode Island 

Riga 

Rochelle 

Rome 

Rouen 



Archipelago 

America 

Russia 

France 

Italy 

France 



35 27 N. 
41 28 N. 
57 5 N. 
46 9 N. 
41 6*. N. 
49 27 N. 



28 45 K. 

71 30 W. 
25 5 E. 

1 10 W. 
12 29 E. 

1 5 W. 



Samos I. 

Santa Cruz 

Savnnah 

Scilly Isles 

Senegal 

Stockholm 

Suez 

Surat 

Surinam 



s. 

Archipelago 

TenerifTe 

N. America 

English Channel 

Africa 

Sweden 

Africa 

India 

S. America 



37 46 N. 

28 27 N. 
32 3 N. 
49 56 N. 
13 63 N. 
59 21 N. 

29 50 N. 
21 10 N. 

6 30 N. 



27 13 E. 
16 16 W. 
81 24 W. 
6 46 W. 
16 21 W. 
18 4 E. 
33 27 E. 
72 22 E. 
55 30 W. 



Tangier 

Teneriffe (Peak) 

Tercera I. 

Texel I. 

Tobago 

Totbay 

Tornea 

Toulouse 

Trieste 

Trincomale 

Tripoli 



T. 

Coast of Barbary 
Canary Islands 
Azore Islands 
United Prov. 
Caribb. Sea 
English Channel 
Lapland 
France 
Adriatic sea 
Isle of Ceylon 
Barbary * 



35 55 N. 
28 13 N. 
38 45 N. 
53 10 N. 
11 15 N. 
50 33 N. 
65 51 N. 
43 36 N. 
45 51 N. 

8 32 N. 
32 54 N. 



5 45 W. 
16 29 W. 
27 6 W. 

4 59 E. 
60 27 W. 

3 42 W. 
24 12 E. 

1 26 E. 
14 3 E. 
81 11 E. 
13 5 E. 



Upsal 

Uraniburgh 
Ushant I. 
Valenciennes 
Valencia 
Venice 
Vera Cruz 
Verd (Cape) 



Sweden 

Denmark 

Coast of France 

France 

Spain 

Italy 

Mexico 

Africa 



59 52 N. 
55 54 N. 
48 28 N. 
5f 21 N. 
39 30 N. 
45 26 N. 
19 12 N. 
14 45 N. 17 33 W. 



17 42 E. 
12 52 E. 
5 4 
3 32 
0 40 W. 
12 4 E. 
97 30 W* 



W. 

E; 
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Jiames of Places, Country or Sea. Lai. 



Long. 



Verona Italy 

Versailles France 

Vienna (Obser.) Austria 

Vincent (Cape) Spain 



w. 



45 26 N. 11 18 E. 

48 48 N. 2 7 E. 

48 12 N. 16 16 E. 

37 3 N. 8 59 W. 



Wardhuys 

Warsaw 

Washington 



Lapland 
Poland 
!N. America 



70 23 N. 31 7 E. 
52 14 N. 21 0 E. 
38 53 N. 77 43 W. 



York (New) 



Y. 

N. America 



40 43 N. 74 10 W, 
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An Alphabetical List^of the Constellations, with 
the Right Ascension (/?•) and Declination 
(D.) of the middle of each, for the ready find- 
ing them on the Globe.— M B. The letter (JV.) 
or (S.) immediately after the name of the Con* 
stellation^ shews whether it be north or south 



Andromeda, N. 
Antinous, N. • 
A pus, vel Avis Indica^JS. 
Aquarius. Z. . • 
Aquila. N. 

Ara. S. • • 

Aries. Z. • • 
Argo Navis. S. 
Asterion et Chara. N. 
Auriga. N. 

Bootes. N. • • 

Braodenburgium Sceptrum. S 
Camelopardalus. N. 
Cancer. Z. 
Canis Major. S. . 
Canis Minor. S. 
Capricornus. Z. 
Caput Medusa*. N. 
Cassiopeia. N. . 
Centaurus, S. . • 
Cepheus. N. 
Cot us. S. • 
Cerberus. N. 
Chamoeleon S. 
Circinus S. 
Columba Noachi. S. . 
Coma Berenices. N. 
Cor Caroli. N. 
Corona Australis. S. 
Corona Bore alia. N. . 
Corvus. S. 

Crater. S. . % 
Crux. S. 



te llations* 


K. 




14 


34 N. 


292 


0 s. 


252 


75 S. 


335 


4 S. 


295 


ft -\r 

8 JV. 


255 


o5 


30 


^« AT 

22 XX. 


115 


•;0 a. 


20tt 


40 .N. 


io 




212 


20 N. 


67 


15 S. 


68 


70 N. 


128 


20 N. 


105 


20 S. 


110 


5 N. 


310 


20 S. 


44 


40 N. 


12 


60 N. 


200 


50 S. 


338 


65 N. 


25 


12 S. 


271 


22 N. 


175 


78 S. 


222 


64 S. 


85 


35 S. 


135 


26 IV. 


191 


39 N. 


278 


40 S. 


235 


.JO ^1 k 


185 


15 S. 


168 


15 S. 


183 


69 S. 
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Cygnus. N. 
Delphinus. N. 
Dorado or Xiphias. _ S. 
Draco. N. 
Equuleus. N. • 
Equuleus Pictorius. S. 
Eridanus. S. 
Fomax Che mica. S. 
Gemini. Z. 
Grus. S. 

Hercules. N. * 
Hoologium. S. 
Hydra. S. . 
Hydrus. S. 
Indus. S. 
Lacerta. N. 
Leo, or Leo Major. Z. 
Le6 Minor. JST. 
Lepus. S. . 
Libra. Z. 
Lupus. S. . 
Lynx. N. • 
Lyra. N. 

Machina Pneumatic a. S. 
Microscopium. S. 
Monoceros. S.* . 
Mons Msenalus. N. 
Mons Mensaj. S. 
Musca. N. 

Musca Australis, vel Apis. S. 
Norma, vel quadra Euclidis. 
Octans Hadleianus. S. 
Officina- Sculptoria. S. 
Orion. S. . , 
Pavo. S. • . • 

Pegasus. N. 
Perseus. N. 
Phoenix. S. 
Pisces. Z. . 

Pisces Notius, vel Australis. S 
Piscis volans. S. 
Praxiteles, vel cela Sculptoria. 
Pyxis Nautica. S. . 
Reticulus Rhomboidalis. S. 
Robur Caroli. S. . 
Sagittarius. Z. 
Sagitta. N. 
Sextans. S. 



S. 



S. 



R. 


D. 




42 N. 


108 


15 N. 


75 


62 S. 


270 


66 N. 


116 


5 N. 


84 


55 S. 


CO 


10 s. 




30 S. 


111 

» * » 


32 N. 


no 


45 S. 




22 N. 


40 


60 S. 


119 


8 S. 


Oft 




11 5 


55 S. 


116 


43 N. 


1 50 


15 N. 


150 


35 N. 


80 


18 S. 


226 


8 S. 


2^0 


45 S. 


111 


50 N. 


28 3 


38 N. 


150 


32 S. 


315 


35 S. 


110 


o 


225 


5 N. 


76 


72 S. 


40 


27 N 


185 


68 S 


242 


45 S. 


310 


80 S 


is 


38 S. 


80 


o 


302 


68 S. 


340 


14 N. 


46 


49 N. 


10 


50 S. 


5 


10 N. 


335 


30 S. 


127 


68 S. 


68 


40 S. 


130 


30 S. 


62 


62 S. 


159 


50 S. 


285 


35 S. 


295 


18 N. 

0 


5 
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Scorpio. Z. 

Scutum Sobeiski. S. . 
Serpens. N. 
Serpentarius. N. 
Taurus. Z. 

Taurus Poniatowski. N. 
Telescopium. S. • 
Totichan. S. 
Triangulum. N. . 
Triangulum Australig. S. 
Triangulum Minus. N. 
Ursa Major. N. 
Ursa Minor. N. 
Virpa. Z. 

Vuipecula et Anser. N. 
Xiphia*. S. . 





n 


244 


eta e 
2b 5. 


275 


10 s. 


AO f 

235 


1 n AT 


2b 0 


13 N. 


65 


lb N. 


275 


n AT 

7 jy. 


278 


50 




bb b. 


27 


32 XV. 


2.33 


ISC c 

bo S>. 


22 


28 N. 


153 


60 N. 


235 


75 N. 


195 


5 N. 


300 


25 N. 


75 


62 S. 
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